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MONO DIAMETER WELLBORE CASING 



Cross Reference To Related Applications 
[0001] The present application claims tlie benefit of the filing dates of: (1) U.S. provisional patent 
application serial no. 60/338,996, attorney docket no. 25791.87, filed on 11/12/2001. (2) U.S. 
provisional patent application serial no. 60/339,013, attorney docket no. 88, filed on 11/12/01 (3) U.S. 
provisional patent application serial no. 60/363,829, attorney docket no. 25791.95, filed on 3/13/2002, 
(4) U.S. provisional patent application serial no. 60/387,961, attorney docket no. 25791.108, filed on 
6/12/2002 the disclosures of which are incorporated herein by reference. 

[00021 The present application is related to the following: (1) U.S. patent application serial no. 
09/454,139, attorney docket no. 25791.03.02, filed on 12/3/1999, (2) U.S. patent application serial no. 
09/510,913, attorney docket no. 25791.7.02, filed on 2/23/2000, (3) U.S. patent application serial no. 
09/502350, attorney docket no. 25791.8.02, filed on 2/10/2000, (4) U.S. patent no. 6,328,1 13, (5) U.S. 
patent application serial no. 09/523,460, attorney docket no. 25791.11.02, filed on 3/10/2000, (6) U.S. 
patent application serial no. 09/512,895, attorney docket no. 25791.12.02, filed on 2/24/2000, (7) U.S. 
patent application serial no. 09/51 1,941, attorney docket no. 25791.16.02, filed on 2/24/2000, (8) U.S. 
patent application serial no. 09/588,946, attorney docket no. 25791.17.02, filed on 6/7/2000, (9) U.S. 
patent application serial no. 09/559,122, attorney docket no. 25791.23.02, filed on 4/26/2000, (10) PCT 
patent application serial ho. PCT/USOO/1 863 5, attorney docket no. 25791.25.02, filed on 7/9/2000, (1 1) 
U.S. provisional patent application serial no. 60/162,671, attorney docket no. 25791.27, filed on 
1-1/1/1999, (12) U.S. provisional patent application serial no. 60/1 54,047, attorney docket no. 25791 .29, 
filed on 9/16/1999, (13) U.S. provisional patent application serial no. 60/159,082, attorney docket no. 
25791.34, filed on 10/12/1999, (14) U.S. provisional patent application serial no. 60/159,039, attorney 
docket no. 25791.36, filed on 10/12/1999, (15) U.S. provisional patent application serial no. 
60/159,033, attorney docket no. 25791.37, filed on 10/12/1999, (16) U.S. provisional patent application 
serial no. 60/212,359, attorney docket no. 25791.38, filed on 6/19/2000, (17) U.S. provisional patent 
application serial no. 60/165,228, attorney docket no. 25791.39, filed on 11/12/1999, (18) U.S. 
prpyisional patent application swial no. 60/221,443, attorney docket no. 25791.45, filed on 7/28/2000, 
(19) U.S. provisional patent application serial no. 60/221,645, attorney docket no. 25791.46, filed on 
7/28/2000, (20) U.S. provisional patent application serial no. 60/233,638, attorney docket no. 25791.47, 
filed on 9/18/2000, (21) U.S. provisional patent application serial no. 60/237,334, attorney docket no. 
25791.48, filed on 10/2/2000, (22) U.S. provisional patent application serial no. 60/270,007, attorney 
docket no. 25791.50, filed on 2/20/2001, (23) U.S. provisional patent application serial no. 60/262,434, 
attorney docket no. 2579 1.51,. filed on 1/17/2001, (24) U.S, provisional patent application serial no. 
60/259,486, attorney docket no. 25791.52, filed on 1/3/2001, (25) U.S. provisional patent application 
serial no. 60/303,740, attorney docket no. 25791.61, filed on 7/6/2001, (26) U.S. provisional patent 
application serial no. 60/313,453, attorney docket no. 25791.59, filed on 8/20/2001, (27) U.S. 
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provisional patent application serial no. 60/317,985, attorney docket no. 25791.67, filed on 9/6/200K 
(28) U.S. provisional patent application serial no. 60/318,021, attorney docket no. 25791.58, filed on 
9/7/2001, (29) U.S. provisional patent application serial no. 60/3318,386, attorney docket no. 
25791.67.02, filed on 9/10/2001, (30) U.S. provisional patent application serial no. 60/326,886, attorney 
docket no. 25791.60, filed on 10/3/2001, (31) U.S. utility patent application serial no. 09/969,922, 
attorney docket no. 25791.69, filed on 10/3/2001, (32) U.S. provisional patent application serial no. 
60/338,996, attorney docket no. 25791.87, filed on 11/12/2001, (33) U.S. provisional patent application 
serial no. 60/339,013. attorney docket no. 25791.88, filed on 11/12/2001, (34) U.S. utility patent 
application serial no. 10/016,467, attorney docket no. 25791.70, filed on 12/10/2001, (35) U.S. 
provisional patent application serial no. 60/343.674, attorney docket no. 25791.68, filed on 12/27/2001, 
(36) U.S. provisional patent application serial no. 60/346,309, attorney docket no 25791.92, filed on 
1/7/2002, (37) U.S. provisional patent application serial no. 60/357,372, attorney docket no. 25791.71, 
filed on 2/15/2002, (38) U.S. provisional patent application serial no. 60/363,829, attorney docket no. 
25791.95, filed on 3/13/2002, (39) U.S. provisional patent application serial no. 60/372,048, attorney 
docket no. 25791.93, filed on 4/12/2002, (40) U.S. provisional patent application serial no. 60/372,632, 
attorney docket no. 25791.101, filed on 4/15/2002, (41) U.S. provisional patent application serial no. 
60/380,147, attorney docket no. 25791.104, filed on 5/6/2002, (42) U.S. provisional patent application 
serial no. 60/383,917, attorney docket no. 25791.89, filed on 5/29/2002, (43) U.S. provisional patent 
application serial no. 60/387,486; attorney docket no. 25791.107, filed on 6/10/2002, (44) U.S. 
provisional patent application serial no. 60/387,961, attorney docket no. 25791 .1 08, filed on 6/12A2002, ; 
(45) U.S. provisional patent application serial no. 60/391,703, attorney docket no. 25791.90, filed on 
6/26/2002, (46) U.S. provisional patent application serial no. 60/397,284, attorney docket no. 
25791.106, filed on 7/19/2002, (47) U.S. provisional patent application serial no. 60/398,061, attorney 
docket no. 25791.110, filed on 7/24/2002, (48) U.S. provisional patent application serial no. 
60/399,240, attorney docket no. 25791.1 1 1, filed on 7/29/2002, (49) U.S. provisional patent application 
serial no, 60/405,610, attorney docket no. 25791.119, filed on 8/23/2002, (50) U.S. provisional patent 
application serial no. 60/405394, attorney docket no. 25791.120, filed on 8/23/2002, (51) U.S. 
provisional patent application serial no. 60/407,442, attorney docket no. 25791.125, filed on 8/30/2002, 
(52) U.S. provisional patent application serial no. 60/412,542, attorney docket no. 25791.102, filed on 
9/20/2002, (53) U.S. provisional patent application serial no. 60/412,177, attorney docket no. 
25791.1 17, filed on 9/20/2002, (54) U.S. provisional patent application serial no. 60/412,653, attorney 
docket no. 25791.118, filed on 9/20/2002,. (55) U.S. provisional patent application serial no. 
60/412,544, attorney docket no. 25791.121, filed on 9/20/2002, (56) U.S. provisional patent application 
serial no. 60/412,187, attorney docket no. 25791.128, filed on 9/20/2002, (57) U.S. provisional patent 
application serial no. 60/412,187, attorney docket no. 25791.127, filed on 9/20/2002, (58) U.S. 
provisional patent application serial no. 60/412,487, attorney docket no. 25791.127. filed on 9/20/2002, 
(58) U.S. provisional patent application serial no. 60/412,487, attorney docket no. 25791.112, filed on 
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9/20/2002, (59) U.S. provisional patent application serial no. 60/412,488, attorney docket no. 
25791.114, filed on 9/20/2002, and (60) U.S. provisional patent application serial no. 60/412,371, 
attorney docket no. 25791.129, filed on 9/20/2002, (61) PCT Patent Application No. 

PCT/US02 , attorney docket no. 25791.87.02, filed on 11/11/02 and (62) PCT Patent 

Application No. PCT/US02 , attorney docket no. 25791.88.02. filed on 11/11/02 the 

disclosures of which are incorporated herein by reference. 

Bacl^round Of The Invention 
[0003] This invention relates generally to oil and gas exploration, and in particular to forming and 
repairing wellbore casings to facilitate oil and gas coloration. 

[0004] Conventionally, when a wellbore is created, a number of casings are installed in the 
borehole to prevent collapse of the borehole wall and to prevent undesired outflow of drilling fluid into 
the formation or inflow of fluid from the formation into the borehole. The borehole is drilled in 
intervals virhereby a casing which is to be installed in a lower borehole interval is lowered through a 
previously installed casing of an upper borehole interval. As a consequence of this procedure the 
casing of the lower interval is of smaller diameter than the casing of the upper interval. Thus, the 
casings are in a nested arrangement with casing diameters decreasing in downward direction. Cement 
annul! are provided between the outer surfaces of the casings and the borehole wall to seal the casings 
from the borehole wall. As a consequence of this nested arrangement a relatively large borehole 
diameter is required at the upper part of the wellbore. Such a large borehole diameter involves 
increased costs due to heavy casing handling equipment^ large drill bits and increased volumes of 
drilling fluid and drill cuttings. Moreover, increased drilling rig time is involved due to required 
cement pumping, cement hanlening, required equipment changes due to large variations in hole 
diameters drilled in the course of the well, and the large volume of cuttings drilled and removed. 
(00051 The present invention is directed to overcoming one or more of the limitations of the 
existing procedures for forming and/or repairing wellbore casings. 

Summary of the Invention 
lOOlO] According to one aspect of the present invention, an apparatus for radially expanding and 
plastically deforming an expandable tubular member is provided that includes a float shoe adapted to 
mate with an end of the expandable tubular member, an adjustable expansion mandrel coupled to the 
float shoe adapted to be controllably expanded to a larger outside dimension for radial expansion of the 
expandable tubular member or collapsed to a smaller outside dimension, an actuator coupled to the 
adjustable expansion mandrel adapted to controllably displace the adjustable expansion mandrel 
relative to the expandable tubular member, a locking device coupled to the actoiator adapted to 
controllably engage the expandable tubular member, and a support member coupled to the locking 
device. 

[00111 According to another aspect of the present invention, a method for radially expanding and 
plastically deforming an expandable tubular member within a borehole is provided that includes 
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positioning an adjustable expansion mandrel within the expandable tubular member, supporting the 
expandable tubular member and the adjustable expansion mandrel within the borehole, lowering the 
adjustable expansion mandrel out of the expandable tubular member, increasing the outside dimension 
of the adjustable expansion mandrel, and displacing the adjustable expansion mandrel upwardly relative 
to the expandable tubular member n times to radially expand and plastically deform n portions of the 
expandable tubular member. 

[0012] According to another aspect of the present invention, a method for forming a mono 
diameter weUborc casing is provided that includes positioning an adjustable expansion mandrel within a 
first expandable tubular member, supporting the first expandable tubular member and the adjustable 
expansion mandrel within a borehole, lowering the adjustable expansion mandrel out of the first 
expandable tubular member, increasing the outside dimension of the adjustable expansion mandrel, 
displacing the adjustable expansion mandrel upwardly relative to the first expandable tubular member 
m times to radially expand and plastically deform m portions of the first expandable tubular member 
within the borehole, positioning the adjustable expansion mandrel within a second expandable tubular 
member, supporting the second expandable tubular member and the adjustable expansion mandrel 
within the borehole in overlapping relation to the first expandable tubular member, lowering the 
adjustable expansion mandrel out of the second expandable tubular member, increasing the outside 
dimension of the adjustable expansion mandrel, and displacing the adjustable expansion mandrel 
upwardly relative to the second expandable tubular member n times to radially expand and plastically 
def<»m n portions of the second expandable tubular member within Ae borehole. 
[00131 According to another aspect of the present invention, an apparatus for radially expanding 
and plastically deforming an expandable tubular member is provided that includes a float shoe adapted 
to mate with an end of the expandable tubular member, an adjustable expansion mandrel coupled to the 
float shoe adapted to be controllably expanded to a larger outside dimension for radial expansion of the 
expandable tubular member or collapsed to a smaller outside dimension, an actuator coupled to the 
adjustable expansion mandrel adapted to controllably displace die adjustable expansion mandrel 
relative to the expandable tubular member, a locking device coupled to the actuator adapted to 
controllably enpge the expandable tubular member, a support member coupled to the locking device, 
and a sealing member for sealingly engaging the expandable tubular member adapted to define a 
pressure chamber above the adjustable expansion mandrel during radial expansion of the expandable 
tubular member. 

(00141 According to another aspect of the present invention, a method for radially expanding and 
plastically deforming an expandable tubular member within a borehole is provided that includes 
positioning an adjustable expansion mandrel within the expandable tubular member, supporting the 
expandable tubular member and the adjustable expansion mandrel within the borehole, lowering the 
adjustable expansion mandrel out of the expandable tubular member, increasing the outside dimension 
of the adjustable expansion mandrel, displacing the adjustable expansion mandrel upwardly relative to 
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the expandable tubular member n times to radially expand and plastically deform n portions of the 
expandable tubular member within the borehole, and pressurizing an interior region of the expandable 
tubular member above the adjustable expansion mandrel during the radial expansion and plastic 
deformation of the expandable tubular member within the borehole. 
(00151 According to another aspect of the present invention, a method for fomiinga mono 
diameter wellbore casing is provided that inchides positioning an adjustable expansion mandrel within a 
first expandable tubular member, supporting the first expandable tubuUr member and the adjustable 
expansion mandrel within a borehole, lowering the adjustable expansion mandrel out of the first 
expandable tubular member, increasing the outside dimension of the adjustable expansion mandrel, 
displacing the adjustable expansion mandrel upwardly relative to the first expandable tubular member 
ni frnies to radially expand and plastically deform m portions of the first expandable tubular member 
within the borehole, pressurizing an interior region of the first expandable tubular member above the 
adjustable expansion mandrel during the radial expansion and plastic deformation of the first 
expandable tubular member within the borehole, positioning the adjustable expansion mandrel within a 
second expandable tubular member, supporting the second expandable tubular member and the 
adjustable expansion mandrel within the borehole in overlapping relation to the first expandable tubular 
member, lowering the adjustable expansion mandrel out of the second expandable tubular member, 
increasing the outside dimension ofthe adjustable expansion mandrel, displacing the adjustable 

expansion mandrel upwardly relative to the second expandable tubular meinber n times to radially ■ 
expand and plastically deform n portions ofthe second expandable tubular member within the borehole,, 
and pressurizing an interior region ofthe second expandable tubular member above the adjustable 
expansion mandrel during the radial expansion and plastic deformation of the second expandable 
tubular member within the borehole. 

[0016] According to another aspect of Ae present invention, an apparatus for drilling a borehole 
within a subterranean formation and then radially expanding and plastically defomiing an expandable 
tubular member within the drilled borehole is provided that includes a float shoe adapted to mate with 
an end ofthe expandable tubular member, a drilling member coupled to the float shoe adapted to drill 
the borehole, an adjustable expansion mandrel coupled to the float shoe adapted to be controllably 
expanded to a larger outside dimension for radial expansion of the expandable tubular member or 
collapsed to a smaller outside dimension, an actuator coupled to the adjustable expansion mandrel 
adapted to controllably displace the adjustable expansion mandrel relative to the expandable tubular 
member, a locking device coupled to the actuator adapted to controllably engage the expandable tubular 
member, and a support member coupled to the locking device. 

[00171 According to another aspect ofthe present invention, a method for drilling a borehole 
within a subterranean formation and then radially expanding and plastically deforming an expandable 
tubular member within the drilled borehole is provided tliat include positioning an adjustable expansion 
mandrel within the expandable tubular member, coupling a drilling member to an end ofthe expandable 
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tubular member, drilling the borehole using the drilling member, positioning the adjustable expansion 
mandrel and the expandable tubular member within the drilled borehole, lowering the adjustable 
expansion mandrel out of the expandable tubular member, increasing the outside dimension of the 
adjustable expansion mandrel, and displacing the adjustable expansion mandrel upwardly relative to the 
expandable tubular member n times to radially expand and plastically deform n portions of the 
expandable tubular member within the drilled borehole. 

10018] According to anoflier aspect of the present invention, a method for forming a mono 
diameter wellbore casing within a borehole is provided that includes positioning an adjustable 
expansion mandrel within a first expandable tubular member, coupling a drilling member to an end of 
the first expandable tubular member, drilling a first section of the borehole using the drilling member, 
supporting the fust expandable tubular member and the adjustable expansion mandrel within the drilled 
first section of the borehole, lowering the adjustable expansion mandrel out of the first expandable 
tubular member, increasing the outside dimension of the adjustable expansion mandrel, displacing the 

adjustable expansion mandrel upwardly relative to the first expandable tubular member m times to 
radially expand and plastically deform m portions of the first expandable tubular member within the 
drilled first section of the borehole, positioning the adjustable expansion mandrel within a second 
expandable tubular member, coupling tiie drilling member to an end of the second expandable tubular 
member, drilling a second section of the borehole using Ae drilling member, supporting the second 
expandable tubular mimber and the adjustable expansion niandrel within the borehole in overiapping 
relation to the first expandable tubular ihember within the second drilled section of the borehole, 
lowering the adjustable expansion mandrel out of the second expandable tubular member, increasing • 
the outside dimension of the adjustable expansion mandrel, and displacing the adjustable expansion 
mandrel upwardly relative to the second expandable tubular member n times to radially expand and 
plastically deform n portions of the second expandable tubular member within the drilled second 
section of the borehole. 

(0019J According to another aspect of the present invention, an apparatus for drilling a borehole 
within a subterranean fomation and then radially expanding and plastically deforming an expandable 
tubular member within the drilled borehole is provided tiiat includes a float shoe adapted to mate with 
an end of the expandable tubular member, a drilling member coupled to the float shoe adapted to drill 
the borehole, an adjustable expansion mandrel coupled to the float shoe adapted to be controllably 
expanded to a larger outside dimension for radial expansion of the expandable tubular member or 
collapsed to a smaller outside dimension, an actuator coupled to the adjustable expansion mandrel 
adapted to controllably displace the adjustable expansion mandrel relative to the expandable tubular 
member, a locking device coupled to the acttiator adapted to controllably engage the expandable tubular 
member, a support member coupled to the locking device, and a sealing member for sealing engaging 
the expandable tubular member adapted to defme a pressure chamber above the adjustable expansion 
mandrel during the radial expansion of the expandable tubular member. 

6 
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(0020] According to another aspect of the present invention, a method for drilling a borehole 
within a subterranean formation and then radially expanding and plastically deforming an expandable 
tubular member within the drilled borehole is provided that includes positioning an adjustable 
expansion mandrel within tfie expandable tubular member, coupling a drilling member to an end of the 
expandable tubular member, drilling the borehole using the drilling member, positioning the adjustable 
expansion mandrel and the expandable tubular inember within the drilled borehole, lowering the 
adjustable expansion mandrel out of the expandable tubular member, increasing the outside dimension 
of the adjustable expansion mandrel, displacing the adjustable expansion mandrel upwardly relative to 
the expandable tubular member n times to radially expand and plastically deform n portions of the 
expandable tubular member within the drilled bordiole, and pressuring an interior portion of the 
expandable tubular member above the adjustable expansion mandrel during the radial expansion and 
plastic deformation of the expandable tubular member within the drilled borehole. 
|b02li. According toanother aspect ofthe present invention, a method for forming a mono 
diameter wellbore casing within a borehole is provided that includes positioning an adjustable 
expansion mandrel within a first expandable tubular member, coupling a drilling member to an end of 
the first expandable tubular member, drilling a first section of the borehole using the drilling member, 
supporting the first expandable tubular member and the adjustable expansion mandrel within the drilled 
first section of the borehole, lowering the adjustable expansion mandrel out ofthe first expandable 
tubular member, increasing the outside dimension ofthe adjustable expansion mandrel, displacing the 
adjustable expansion mandrel upwardly relative to the first expandable tubular member m times to 
radially expand and plastically deform m portions ofthe first expandable tubular member within the 
drilled first section ofthe borehole, pressuring an interior portion of the first expandable tubular 
member above the adjustable expansion mandrel during the radial expansion and plastic deformation of 
the first expandable tubular member within the first drilled section of the borehole, positioning the 
adjustable expansion mandrel within a second expandable tubular member, coupling the drilling 
member to an end ofthe second expandable tubular member, drilling a second section of tlie borehole 
using the drilling member, supporting the second expandable tubular member and the adjustable 
expansion mandrel within die borehole in overlapping relation to the first expandable tubular member 
within the second drilled section ofthe borehole, lowering the adjustable expansion mandrel out ofthe 
second expandable tubular member, increasing the outside dimension of the adjustable expansion 
mandrel, displacing the adjustable expansion mandrel upwardly relative to the second expandable 
tubular member n times to radially expand and plastically deform n portions of the second expandable 
tubular member within the drilled second section ofthe borehole, and pressuring an interior portion of 
the second expandable tubular member above the adjustable expansion mandrel during the radial 
expansion and plastic deformation ofthe second expandable tubular member within the drilled second 
section of the borehole. 
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100221 According to another aspect of the present invention, an apparatus for radially expanding 
and plastically deforming an expandable tubular member is provided that includes a float shoe adapted 
to mate with an end of the expandable tubular member, a first adjustable expansion mandrel coupled to 
the float shoe adapted to be controllably expanded to a first larger outside dimension for radial 
expansion of the expandable tubular member or collapsed to a first smaller outside dimension, a second 
adjustable expansion mandrel coupled to the first adjustable expansion mandrel adapted to be 
controllably expanded to a second larger outside dimension for radial expansion of the expandable 
tubular member or collapsed to a second smaller outside dimension, an actuator coupled to the first and 
second adjustable expansion mandrels adapted to controllably displace the first and second adjustable 
expansion mandrels relative to the expandable tubular member, a locking device coupled to the actuator 
adapted to controllably engage the expandable tubular member, and a support member coupled to the 
locking device. The first larger outside dimension of tlie first adjustable expansion mandrel is larger 
than the second larger outside dimension of the second adjustable expansion mandrel. 
10023] According to another aspect of the present invention, a method for radially expanding and 
plastically defoiming an expandable tubular member within a borehole is provided that includes 
positioning first and second adjustable expansion mandrels within the expandable tubular member, 
supporting the expandable tubular member and the first and second adjustable expansion mandrels 
within the borehole, lowering the first adjustable expansion mandrel out of the expandable tubular 
member, increasing the outside dimension of the fust adjustable expansion mandrel, displacing the first 
adjustable expansion mandrel upwardly relative to the expandable tubular member to radially expand 
and plastically deform a lower portion of the expandable tubular member, displacing the first adjustable 
expansion mandrel and the second adjustable expansion mandrel downwardly relative to die 
expandable tubular member, decreasing the outside dimension of the first adjustable expansion mandrel 
and increasing the outside dimension of the second adjustable expansion mandrel, and displacing the 
second adjustable expansion mandrel upwardly relative to the expandable tubular member to radially 
expand and plastically deform portions of the expandable tubular member above the lower portion of 
the expandable tubular member. The outside dimension of the first adjustable expansion mandrel is 
greater than the outside dimension of the second adjustable expansion mandrel. 
10024] According to another aspect of the present invention, a method for forming a mono 
diameter wellbore casing is provided that includes positioning first and second adjustable expansion 
mandrels within a first expandable tubular member, supporting the first expandable tubular member and 
the first and second adjustable expansion mandrels within a borehole, lowering the first adjustable 
expansion mandrel out of the first expandable tubular member, increasing the outside dimension of the 
first adjustable expansion mandrel, displacing the first adjustable expansion mandrel upwardly relative 
to the first expandable tubular member to radially expand and plastically deform a lower portion of the 
first expandable tubular member, displacing the first adjustable expansion mandrel and the second 
adjustable expansion mandrel downwardly relative to the first expandable tubular member, decreasing 
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the outside dimension of the first adjustable expansion mandrel and increasing the outside dimension of 
the second adjustable expansion mandrel, displacing the second adjustable expansion mandrel upwardly 
relative to the first expandable tubular member to radially expand and plastically deform portions of the 
first expandable tubular member above the lower portion of the expandable tubular member, 
positioning first and second adjustable expansion mandrels within a second expandable tubular 
member, supporting the first expandable tubular member and the first and second adjustable expansion 
mandrels within the borehole in overlapping relation to the first expandable tubular member, lowering 
the first adjustable expansion mandrel out of the second expandable tubular member, increasing the 
outside dimension of the first adjustable expansion mandrel, displacing the first adjustable expansion 
mandrel upwardly relative to the second expandable tubular member to radially expand and plastically 
deform a lower portion of the second expandable tubular member, displacing the first adjustable 
expansion mandrel and the second adjustable expansion mandrel downwardly relative to the second 
expandable-tubular member, decreasing the outside dimension of the first adjustable expansion mandrel 
and increasing the outside dimension of the second adjustable expansion mandrel, and displacing the 
second adjustable expansion mandrel upwardly relative to the second expandable tubular member to 
radially expand and plastically deform portions of the second expandable tubular member above the 
lower portion of the second expandable tubular member. The outside dimension of the first adjustable 
expansion mandrel is greater than the outside dimension of the second adjustable expansion mandrel. 
10025] According to anotfier aspect of the present invention, an apparatus for radially expanding 
and plastically deforming an expandable tubular member is provided that includes a float shoe adapted 
to mate with an end of the expandable tubular member, a first adjustable expansion mandrel coupled to 
the float shoe adapted to be controllably expanded to a first larger outside dimension for radial 
expansion of the expandable tubular member or collapsed to a first smaller outside dimension, a second 
adjustable expansion mandrel coupled to the first adjustable expansion mandrel adapted to be 
controllably expanded to a second larger outside dimension for radial expansion of the expandable 
tubular member or collapsed to a second smaller outside dimension, an actuator coupled to the first and 
second adjustable expansion mandrels adapted to controllably displace the first and second adjustable 
expansion mandrels relative to the expandable tubular member, a locking device coupled to the actuator 
adapted to controllably engage the expandable tubular member, a support member coupled to the 
locking device, and a sealing member for sealingly engaging the expandable tubular adapted to define a 
pressure chamber above the first and second adjustable expansion mandrels during the radial expansion 
of the expandable tubular member. The first larger outside dimension of the first adjustable expansion 
mandrel is larger than the second larger outside dimension of the second adjustable expansion mandrel. 
[00261 According to another aspect of the present invention, a metliod for radially expanding and 
plastically defomiing an expandable tubular member within a borehole is provided that includes 
positioning first and second adjustable cxf)ansion mandrels within the expandable tubular member, 
supporting the expandable tubular member and the first and second adjustable expansion mandrels 
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Within the borehole, lowering (he first adjustable expansion mandrel out of the expandable tubular 
member, increasing the outside dimension of the first adjustable expansion mandrel, displacing the first 
adjustable expansion mandrel upwardly relative to the expandable tubular member to radially expand 
and plastically deform a lower portion of the expandable tubular member, pressurizing an interior 
region of the expandable tubular member above the fiist adjmtable expansion mandrel during the radial 
expansion of the lower portion of the expandable tubular member by the first adjustable expansion 
mandrel, displacing the first adjustable expansion mandrel and the second adjustable expansion mandrel 
downwardly relative to the expandable tubular member, decreasing the outside dimension of the first 
adjustable expansion mandrel and increasing the outside dimension of the second adjustable expansion 
mandrel, displacing Uie second adjustable expansion mandrel upwardly relative to the expandable 
tubular member to radially expand and plastically deform portions of the expandable tubular member 
above the lower portion of the expandable tubular member, and pressurizing an interior region of the 
expandable tubular member above the second adjustable expansion mandrel during th^ radial expansion 
of the portions of the expandable tubular member above the lower portion of the expandable tubular 
member by the second adjustable expansion mandrel. The outside dimension of the first adjustable 
expansion mandrel is greater than the outside dimension of the second adjustable expansion mandrel. 
10027] According to another aspect of the present invention, a method for fonning a mono 
diameter wellbore casing is provided that includes positioning first and second adjustable expansion 
mandrels within a first expandable tubular member, supporting the first expandable tubular member ind 
the first and second adjustable expansion mandrels within a borehote, lowering the first adjustable 
expansion mandrel out of the first expandable tubular member, increasing the outside dimension of the 
first adjustable expansion mandrel, displacing the first adjustable expansion mandrel upwardly relative 
to the first expandable tubular member to radially expand and plastically deform a lower portion of the 
first expandable tubular member, pressurizing an interior region of the first expandable tubular member 
above the first adjustable expansion mandrel during the radial expansion of the lower portion of tiie firrt 
expandable tubular member by the first adjustable expansion mandrel, displacing the first adjustable 
expansion mandrel and the second adjustable expansion mandrel downwardly relative to the first 
expandable tubular member, decreasing the outside dimension of the first adjustable expansion mandrel 
and increasing the outside dimension of the second adjustable expansion mandrel, displacing the second 
adjustable expansion mandrel upwardly relative to the first expandable tubular member to radially 
expand and plastically deform portions of the finst expandable tubular member above the lower portion 
of the expandable tubular methber, pressurizing an interior region of the first expandable tubular 
member above the second adjustable expansion mandrel during the radial expansion of the portions of 
the first expandable tubular member above the lower portion of the first expandable tubular member by 
the second adjustable expansion mandrel, positioning first and second adjustable expansion mandrels 
within a second expandable tubular member, supporting the first expandable tubular member and the 
first and second adjustable expansion mandrels within the borehole in overlapping relation to the first 
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expandable tubular member, lowering the first adjustable expansion mandrel out of the second 
expandable tubular member, increasing the outside dimension of the first adjustable expansion mandrel, 
displacing tlie first adjustable expansion mandrel upwardly relative to the second expandable tubular 
member to radially expand and plastically deform a lower portion of the second expandable tubular 
member, pressurizing an interior region of the second expandable tubular member above the first 
adjustable expansion mandrel during the radial expansion of the lower portion of the second expandable 
tubular member by the first adjustable expansion mandrel, displacing the first adjustable expansion 
mandrel and the second adjustable expansion mandrel downwardly relative to the second expandable 
tubular member, decreasing the outside dimension of the first adjustable expansion mandrel and 
increasing the outside dhnension of the second adjustable expansion mandrel, displacing the second 
adjustable expansion mandrel upwardly relative to the second expandable tubular member to radially 
expand and plastically deform portions of the second expandable tubular member above the lower 
portion of the second expandable tubular rnember, and pressurizing an interior region of the second 
expandable tubular member above the second adjustable expansion mandrel during the radial expansion 
of the portions of the second expandable tubular member above the lower portion of the second 
expandable tubular member by tl,e second adjustable expansion mandrel. The outside dimension of the 
first adjustable expansion mandrel is greater than the outside dimension of the second adjustable 
expansion mandrel. ...... 

100281 According to another aspect of the present Invention, an apparatus for radially expanding 
and plastically defomiing an expandable tubular member is provided that includes a support member, a 
locking device coupled to the support member and releasably coupled to the expandable tubular 
member, an adjustable expansion mandrel adapted to be controllably expanded to a larger outside 
dimension for radial expansion and plastic deformation of the expandable tubular member or collapsed 
to a smaller outside dimension; and an acmator coupled to the locking member and the adjustable 
expansion mandrel adapted to displace the adjustable expansion mandrel upwardly through the 
expandable tubular member to radially expand and plastically deform the expandable tubular member. 
[00291 According to another aspect of the present invention, a method for radially expanding and 
plastically defonning an expandable tubular member within a borehole is provided that includes 
supporting the expandable tubular member, an hydraulic actuator, and an adjustable expansion mandrel 
within the borehole, increasing the size of the adjustable expansion mandrel, displacing the adjustable 
expansion mandrel upwardly relative to the expandable tubular member using the hydraulic actuator to 
radially expand and plastically deform a portion of the expandable tubular member. 
10030) According to another aspect of the present invention, a method for foiming a mono 
diameter wellbore casing within a borehole that includes a preexisting wellbore casing is provided that 
includes supporting the expandable tubular member, an hydraulic actuator, and an adjustable expansion 
mandrel within the borehole, increasing the size of the adjustable expansion mandrel, displacing the 
adjustable expansion mandrel upwardly relative to the expandable tubular member using the hydraulic 
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actuator to radially expand and plastically deform a portion of the expandable tubular member, and 
displacing the adjustable expansion mandrel upwardly relative to the expandable tubular member to 
radially expand and plastically deform the remaining portion of the expandable tubular member and a 
portion of the preexisting wellbore casing that overlaps with an end of the remaining portion of the 
expandable tubular member. 

Brief Description of the Drawings 
[0031] Fig. 1 is a fragmentary cross-sectional illustration of the placement of an embodiment of an 
apparatus for radially expanding and plastically defoiming a tubular member widiin a preexisting 
structure. 

[0032] Fig. 2 is a fragmentary cross-sectional illustration of apparatus of Fig. 1 after displacing the 
adjustable expansion mandrel and the float shoe downwardly out of the end of the expandable tubular 
member. 

[00331 Fig. 3 is a fragmentary cross-sectional illustration of the apparatus of Fig. 2 after expanding 
the adjustable expansion mandrel. 

[00341 Fig. 4 is a fragmentary cross-sectional illustration of the apparatus of Fig. 3 after displacmg 
the adjustable expansion mandrel upwardly to radially expand and plastically deform the expandable 
tubular member. 

[0035] Fig. 5 is a fragmentary cross-sectional illustration of the apparatus of Fig. 4 after displacing 
the actiiatbr, locking device, and tubular siipportmember upwardly relative to the adjustable expansion 
mandrel and the expandable tubular member. 

[0036] Fig. 6 is a fragmentary cross-sectional illustration of the apparatus of Fig. 5 after displacing 
the adjustable expansion mandrel upwardly to radially expand and plastically deform the expandable 
tubular member. 

[00371 Fig. 6a is a fragmentary cross-sectional illustration of the apparatus of Fig. 6 that include 
one or more cup seals positioned above the adjustable expansion mandrel for defining an annular 
pressure chamber above the adjustable expansion mandrel. 

[0038] Fig. 7 is a fragmentary cross-sectional illustration of the placement of an embodiment of an 
apparatus for drilling a borehole and radially expanding and plastically deforming a tubular member 
within the drilled borehole. 

[00391 Fig. 8 is a fragmentary cross-sectional illustration of the apparatus of Fig. 7 after pivoting 
the drilling elements of the drilling member radially inwardly. 

[00401 F»g- 9 is a fragmentary cross-sectional illustration of apparatus of Fig. 8 after displacing the 
adjustable expansion mandrel and drilling member downwardly out of tiie end of the expandable 
tubular member. 

(00411 Fig. 10 is a fragmentary cross-sectional illustration of the apparatus of Fig. 9 after 
expanding the adjustable expansion mandrel. 
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|(I0421 Fig. 1 1 is a fragmentary cross-sectional illustration of the apparatus of Fig. 10 after 
displacing the adjustable expansion mandrel upwardly to radially expand and plastically deform the 
expandable tubular memtjer. 

100431 Fig. 1 2 is a fragmentary cross-sectional illustration of the apparatus of Fig. 1 1 after 
displacing the actuator, locking device, and tubular support member upwardly relative to the adjustable 
exjiansion mandrel and die expandable tubular member. 

(00441 Fig. 13 is a fragmentary cioss-sectional illustration of the apparatus of Fig. 12 after 
displacing the adjustable expansion mandrel upwanlly to radially expand and plastically deform the 
expandable tubular member. 

(00451 Fig. 14 is a fragmentary cross-sectional illustration of the placement of an embodiment of 
an apparatus for radially expanding and plastically deforming a tubular member within a preexisting 
structure. 

(00461 Fig. 15 is a fragmentary cross-sectional illustration of the apparatus of Fig. 14 after 
displacing the lower adjustable expansion mandrel and float shoe downwardly out of the end of the 
expandable tubular member. 

(00471 Fig. 1 6 is a fragmentary cross-sectional illustration of the apparatus of Fig. 15 after 
expanding the lower adjustable expansion inandrel. 

(00481 Fig. 17 is a fragmentary cross-sectional illustration of the apparatus of Fig. 16 after 
displacing the lower adjustable expansion mandrel upwardly to radially expand and plastically deform 
the expandable tubular member. 

(0049] Fig. 1 8 is a fiagmentary cross-sectional illustration of the apparatus of Fig. 1 7 after 
displacing the upper and lower adjustable expansion mandrels downwardly relative to tlie expandable 
tubular member. 

(00501 Fig. 19 is a fragmentary cross-sectional illustration of the apparatus of Fig. 1 8 after 
collapsing the lower adjustable expansion mandrel and expanding the upper adjustable expansion 
mandrel. 

(00511 Fig. 20 is a fragmentary cross-sectional illustration of the apparatus of Fig. 19 after 
displacing the upper adjustable expansion mandrel upwardly to radially expand and plastically deform 
the expandable tubular member. 

(00521 Fig. 21 is a fragmentary cross-sectional illustration of the apparatus of Fig. 20 after 
displacing the tubular support member, the locking device, and the actuator upwardly relative to the 
upper adjustable exi»nsion mandrel and the expandable tubular member. 
(00531 Fig. 22 is a fragmentary cross-sectional illustration of the apparatus of Fig. 21 after 
displacing the upper adjustable expansion mandrel upwardly to radially expand and plastically deform 
the Kcpandable tubular member. 

[00541 Fig. 23 is a fragmentary cross-sectional illustration of a mono diameter wellbore casing 
formed using one or more of the apparatus of Figs. 1-22. 
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10055] Figs. 24a-24k are fragmentary cross sectional illustrations of the placement of an 
exemplary embodiment of an apparatus for radially expanding and plastically deforming a tubular 
member within a wellbore that traverses a subterranean formation. 

(00561 Fig. 25a-25f are fragmentary cross sectional and perspective illustrations of the expansion 
cone assembly of the apparatus of Figs. 24a-24k. 

[0057] Fig. 25g is a perspective illubation of a float shoe locking dog. 

100581 Fig. 25h is a fragmentary cross sectional illustration of the design and operation of the 

casing gripper locking dogs. 

[00591 Figs. 26a-26k ate fiagmentary cross sectional illustrations of the apparatus of Figs. 24a-24k 
after ecpanding the expansion cone assembly. 

[00601 Figs. 27a-27b are a fragmentary cross sectional and perspective illustrations of the 
expansion cone assembly of the apparatus of Figs. 26a-26k. 

[0061] Figs; 28a-28j are fragmentary cross sectional illustrations of the apparatus of Figs. 26a-26k 
during the upward displacement of the expansion cone assembly by the actuators to radially expand and 
plastically deform a portion of the casing. 

[00621 Figs. 29a-29m are fragmentary cross sectional illustrations of the apparatus of Figs. 28a-28j 
after the collapse of the expansion cone assembly. 

[00631 Fig. 30a-30c are fragmentary cross sectional illustrations of the process for collapsing the 
expansion cone assembly of the apparatus of Figs. 29a-29m. 

[00641 Figs. 3 la-31n are fragmentary cross sectional illustraUons of the apparatus of Figs. 29a- 
29m after the plastic deformation and radial expansion of the sealing sleeve and the disengagement of 
the casing from the locking dogs of the casing lock assembly. 

[00651 Figs. 32a-32k are fragmentary cross sectional illustrations of the apparatus of Figs. 31 a-3 In 
after setting down the apparatus onto the bottom of the wellbore to open the bypass valve in the shoe 
and expand the expansion cone assembly. 

[0066] Figs. 33a-33p are fragmentary cross sectional illustrations of the apparatus of Figs. 32a-32k 
during the radial expansion and plastic deformation of the casing. 

[00671 Figs. 34a-34l are fragmentary cross sectional illustrations of the apparatus of Figs. 33a.33p 
during the radial expansion and plastic deformation of a portion of the casing that overlaps within a 
preexisting wellbore casing within the wellbore. 

[00681 Figs. 35a-351 are fragmentary cross sectional illustrations of the apparatus of Figs. 28a-28j 
during the emergency collapse of the expansion cone assembly. 

[0069] Figs. 36a-36b are fragmentary cross sectional illustrations of several exemplary 
embodiments of the operation of the pressure balance piston. 

Detailed Description of the Illustrative Embodiments 
[0070] Referring to Fig. 1, an exempfary embodiment of an apparatus 10 for radially expanding 
and plastically deforming a tubular member 1 2 includes a tubular support member 14 that extends into 
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the tubular member that is coupled to an end of a locking device 1 6 for controllably engaging the 
tubular member. Another end of the locking device J6 is coupled to a tubular support member 1 8 that 
is coupled to an end of an actuator 20. Another end of the actuator 20 is coupled to a tubular support 
member 22 that is coupled to an end of an adjustable expansion mandrel 24 for radially expanding and 
plastically deforming the tubular member 12. Anothw end ofthe adjustable expansion mandrel 24 is 

coupled to a tubular support member 26 Aat is coupled to an end of a float shoe 28 that mates with and 
is at least partially received within a lower end of the tubular member 12. In an exemplary 
embodiment, the locking device 16, the tubular support member 18, the actuator 20, the tubular support 
member 22, die adjustable expansion mandrel 24, and the tubular support member 26 are positioned 
within tiie tubular member 12. 

[0071] In an exemplary embodiment, the tubular member 12 includes one or more solid and/or 
slotted tubular members, and one or more of the solid and/or slotted tubular members include resilient 
sealing members coupled to the exterior surfaces of the solid and/or slotted tubular members for 
engaging the wellbore 30 and/or one or more preexisting wellbore casings coupled to the wellbore. In 
an exemplary embodiment, the tubular support members, 14, 18, 22, and 26 define corresponding 
passages, that may or may not be valveable, for conveying fluidic materials into and/or through the 
apparatus 10. 

10072] In an exemplary embodiment, the locking device 16 includes one or more conventional 
controllable locking devices such as, for example, slips and/or dogs for controllably engaging the 
tubular member 12. In an exemplary embodiment, the locking device 16 is controlled by injecting 
fluidic materials into the locking device. 

[0073] In an exemplary embodiment, the actuator 20 is a conventional actuator that is adapted to 
displaced the adjustable expansion mandrel 24 and float shoe 28 upwardly or downwardly relative to 
the actuator. 

[0074] In an exemplary embodiment, the adjustable expansion mandrel 24 is a conventional 
adjustable expansion mandrel that may be expanded to a larger outside dimension or collapsed to a 
smaller outside dimension and includes external surfaces for engaging the tubular member 12 to 
thereby radially expand and plastically defonn the mbular member when the adjustable expansion 
mandrel is expanded to the larger outside dimension. In an alternative embodiment, the adjustable 
expansion mandrel 24 may include a rotary adjustable expansion device such as, for example, the ' 
commercially available rotary expansion devices of Weatherford International, Inc. In several 
alternative embodiments, the cross sectional profile of the adjustable expansion mandrel 24 for radial 
expansion operations may, for example, be an n-sided shape, where n may vary from 2 to infinity, and 
the side shapes may include straight line segments, arcuate segments, parabolic segments, and/or 
hyperbolic segments. In several alternative embodiments, the cross sectional profile of the adjustable 
expansion mandrel 24 may, for example, be circular, oval, elliptical, and/or multifeceted. 
10075] In an exemplary embodiment, the float shoe 28 is a conventional float shoe. 
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[0076] In an exemplary embodiment, the apparatus 10 is positioned within a preexisting structure 
30 such as, for example, a wellbore that traverses a subterranean formation 32. Tlie wellbore 30 may 
have any orientation from vertical to horizontal. In several exemplary embodiments, the wellbore 30 
may include one or more preexisting solid and/or slotted and/or perforated wellbore casings that may or 
may not overlap with one another witfiin the wellbore. 

(0077J As illustrated in Fig. 2, the adjustable expansion mandrel 24 and the float shoe 28 are then 
displaced downwardly out of the tubular member 12 by the actuator 20. During the downward 
displacement of the adjustable expansion mandrel 24 and the float shoe 28 out of the tubular member 
12, the tubular member is maintained in a stationary position relative to the tubular support member 14 
by the locking device 1 6. 

[0078] As illustrated in Fig. 3, the adjustable expansion mandrel 24 is then expanded to tlie larger 
dimension. In several alternative embodiments, the adjustable expansion mandrel 24 may be expanded 
to the larger dimension by, for example, injecting a fluidic material into the adjustable expansion 
mandrel and/or by impacting the float shoe 28 on the bottom of the wellbore 30. After expanding the . 
adjustable expansion mandrel 24 to the larger dimension, expansion surfaces 24a are defined on the 
adjustable expansion mandrel that may include, for example, conical, spherical, elliptical, and/or 
hyperbolic surfaces for radially expanding and plastically deforming the tubular member 12. In an 
exemplary embodiment, the expansion surfaces 24a also include means for lubricating the interface 
between the expansion surfaces and the tubular member 12 during the radial expiansioh and plastic 
deformation of the tubular member. 

10079] As illustrated in Fig. 4, the adjustable expansion mandrel 24 is then displaced upwardly by 
the actuator 20 to tiiereby radially expand and plastically deform a portion of the tubular member 12. In 
an exemplary embodiment, during the upward displacement of the adjustable expansion mandrel 24, the 
tubular member 12 is maintained in a stationary position relative to the tubular support member 14 by 
• the locking device 16. In an exemplary embodiment, the tubular member 12 is radially expanded and 
plastically deformed into engagement with the wellbore 30 and/or one or more preexisting wellbore 
casings coupled to the wellbore 30. In an exemplary embodiment, the interface between the expansion 
surfaces 24a of the adjustable expansion mandrel 24 and the tubular member 12 is not fluid tight in 
order to facilitate the lubrication of the interface between the expansion surface of the adjustable 
expansion mandrel and the tubular member. 

[00801 As illustrated in Fig. 5, the locking device 1 6 is then disengaged from the tubular member 
12, and the tubular member 12 is supported by the adjustable expansion mandrel 24. The tubular 
support member 14, the locking device 16, the tubular support member 18, and the actuator 20 are then 
displaced upwardly relative to the adjustable expansion mandrel 24. 

[0081] As illustrated in Fig. 6, the locking device 1 6 then engages the tubular member 12 to 
maintain the tubular member in a stationary position relative to the tubular support member 14, and the 
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adjustable expansion mandrel 24 is displaced upwardly relative by the actuator 20 to radially expand 
and plastically deform another portion of the tubular member. 

(00821 In an exemplary embodiment, the operations of Figs. 5 and 6 are then repeated until the 
entire length of tlie tubular member 12 is radially expanded and plastically deformed by the adjustable 
expansion mandrel 24. In several alternative embodiments, the adjustable expansion mandrel 24 may 
be collapsed to the smaller dimension prior to the further, or complete, radial expansion and plastic 
deformation of the tubular member 12. 

[00831 In several alternative embodiments, as illustrated in Fig. 6a, the apparatus 10 further 
includes one or more cup seals 34 that are coupled to the tubular support member 22 and engage the 
tubular member 12 to define an annular chamber 36 above the adjustable expansion cone 24, and fluidic 
materials 38 are injected into the tubular member 12 through passages defined within the tubular 
support member 14, the locking device 1 6, the tubular support member 1 8. the actuator 20, the tubular 
support member 22, the adjustable expansion mandrel 24, the tubular support member 26, and the float 
shoe 28 to thereby pressurize the annular chamber 36. In this manner, the resulting pressure differential 
created across the cup seals 34 causes the cup seals to pull the adjustable expansion mandrel 24 
upwardly to radially expand and plastically deform the tubular member 12. In several alternative 
embodiments, the injection of the fluidic material 38 into the tubular member 12 is provided in 
combination with, or in the alternative to. the upward displacement of the expansion mandrel 24 by the 
actuator 20. In several alternative emlxidimehts. during the injection of the fluidic material 38, the 
locking device 16 is disengaged from the tubular member 12. 

10084] Referring to Fig. 7. an alternative embodiment of an apparatus 100 for radially expanding 
and plastically deforming the tubular member 12 is substantially identical in design and operation to the 
apparatus 10 with the addition of one or more conventional drilling members 40a-40b that are pivotaliy 
coupled to the float shoe 28. During operation of the apparatus 100, the drilling members 40a-40b may 
be operated to extend the length and/or diameter of the wellbore 30, for example, by rotating the 
apparatus and/or by injecting fluidic materials into the apparatus to operate the drilling members. 
[00851 As illustrated in Fig. 7, in an exemplary embodiment, the apparatus 100 is initially 
positioned within the preexisting structure 30. 

(00861 As illustrated in Fig. 8. in an exemplary embodiment, the drilling members 40a-40b may 
then be pivoted inwardly in a conventional manner. 

(00871 As illustrated in Fig. 9 the adjustable expansion mandrel 24, the float shoe 28, and the 
drilling members 40a-40b are then displaced downwardly out of the tubular member 12 by the actuator 
20. During the downward displacement of the adjustable expansion mandrel 24, the float shoe 28. and 
the drilling members 40a-40b out of the tubular member 12. the tubular member is maintained in a 
stationary position relative to the tabular support member 14 by the locking device 16. 
lOOSS] As illustrated in Fig. 10. the adjustable expansion mandrel 24 is then expanded to tlie larger 
dimension. In several alternative embodiments, the adjustable expansion mandrel 24 may be expanded 
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to the larger dimension by, for example, injecting a fluidic material into the adjustable expansion 
mandrel and/or by impacting the drilling members 40a-40b on the bottom of the wellbore 30. After 
expanding the adjustable expansion mandrel 24 to the larger dimension, expansion surfaces 24a are 
defined on the adjustable expansion mandrel that may include, for example, conical, spherical, 
elliptical, and/or hyperbolic surfaces for radially expanding and plastically deforming the tubular 
member 12. In an exemplary embodiment, the expansion surfaces 24a also include means for 
lubricating the interface between the expansion surfaces and the tubular member 12 during the radial 
expansion and plastic deformation of the tubular member. 

[0089] As illustrated in Fig. 1 1 , the adjustable expansion mandrel 24 is then displaced upwardly by 
the actuator 20 to thereby radially expand and plastically deform a portion of the tubular member 12. In 
an exemplary embodiment, during the upward displacement of the adjustable expansion mandrel 24, the 
tubular member 12 is maintained in a stationary position relative to the mbular support member 14 by 
the locking device 16. In an exemplary embodiment, the tubular member 12 is radially expanded and 
plastically deformed into engagement with the wellbore 30 and/or one or more preexisting wellbore 
casings coupled to the wellbore 30. In an exemplary embodiment, the interface between the expansion 
surfaces 24a of the adjustable expansion mandrel 24 and the tubular member 12 is not fluid tight in 
order to facilitate the lubrication of the interface between the expansion surface of the adjustable 
expansion mandrel and the tubular member. 

[0090] As illustrated in Fig. 12, the locking device 16 is then disengaged from the tubular member 
12, and the tubuiar member 12 is supported by the adjustable expansion mandrel 24. The tubular 
support member 14, the locking device 16, the tubular support member 18, and the actuator 20 are then 
displaced upwardly relative to the adjustable expansion mandrel 24. 

[00911 As illustrated in Fig. 1 3, the locking device 1 6 then engages the tubular member 1 2 to 
maintain the tubular member in a stationary position relative to the tubular support member 14, and the 
adjustable expansion mandrel 24 is displaced upwardly relative by the actuator 20 to radially expand 
and plastically deform another portion of the tubular member. 

[0092) In an exemplary embodiment, the operations of Figs. 1 2 and 1 3 are then repeated until the 
entire length of the tubular member 12 is radially expanded and plastically deformed by the adjustable 
expansion mandrel 24. In several alternative embodiments, the adjustable expansion mandrel 24 may 
be collapsed to the smaller dimension prior to the further, or complete, radial expansion and plastic 
deformation of the tubular member 12. 

[00931 Referring to Fig. 1 4, an alternative embodiment of an apparatus 200 for radially expanding 
and plastically deforming the tubular member 12 is substantially identical in design and operation to the 
apparatus 10 except that the adjustable expansion mandrel 24 has been replaced by an upper adjustable 
expansion mandrel 202 that is coupled to the tubular support member 22, a tubular support member 204 
that is coupled to the upper adjustable expansion mandrel, and a lower adjustable expansion mandrel 
206 that is coupled to the tubular support member 204 and the tubular support member 26. 
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(0094) The upper and lower adjustable expansion mandrels, 202 and 206, may be conventional 
adjustable expansion mandrels that may be expanded to larger outside dimensions or collapsed to 
smaller outside dimensions and include external surfaces for engaging the tubular member 12 to 
thereby radially expand and plastically deform the tubular member when the adjustable expansion 
mandrels are expanded to tlie larger outside dimensions. In an alternative embodiment, the upper 
and/or lower adjustable expansion mandrels, 202 and 206, may include rotary adjustable expansion 
devices such as, for example, the conunercially available rotaiy expansion devices of Weatherford 
International, Inc. In an exemplary embodiment, the tubular support member 204 defines a passage, 
fliat may, or may not, be valveable, for conveying fluidic materials into and/or dirough the ^paratus 
200. In several alternative embodiments, the cross sectional profiles of the adjustable expansion 
mandrels, 202 and 206, for radial expansion operations may, for example, be n-sided shapes, where n 
may vary from 2 to infinity, and the side shapes may include straight line segments, arcuate segments, 
parabolic segments, and/or hyperbolic segments. In several alternative embodiments, the cross 
sectional profiles of the adjustable expansion mandrels, 202 and 206, may, for example, be circular, 
oval, elliptical, and/or multifaceted. 

[0095] As illustrated in Fig. 14, in an exemplary embodiment, the apparatus 200 is initially 
positioned within the preexisting struchire 30. 

[0096] As illustrated in Fig. 1 5, the lower adjustable expansion mandrel 206 and the float shoe 28 
are then displaced downwardly out of the tubular member 12 by the actuator 20. During the downward 
displacement of the lower adjustable expansion mandrel 206 and the float shoe 28 out of the tubular 
member 12, the tubular member is maintained in a stationary position relative to the tubular support 
meinber 14 by the locking device 16. 

[0097] As illustrated in Fig. 16, the lower adjustable expansion mandrel 206 is then expanded to 
the larger dimension. In several alternative embodiments, the lower adjustable expansion mandrel 206 
may be expanded to the larger dimension by; for example, injecting a fluidic material into the lower 
adjustable expansion mandrel and/or by impacting the float shoe 28 on the bottom of the wellbore 30. 
After expanding the lower adjustable expansion mandrel 206 to the larger dimension, expansion 
surfaces 206a are defined on the lower adjustable expansion mandrel that may include, for example, 
conical, spherical, elliptical, and/or hyperbolic surfaces for radially expanding and plastically 
deforming the tubular member 12. In an exemplary embodiment, the expansion surfaces 206a also 
include means for lubricating the interface between the expansion surfaces and the tubular member 12 
during the radial expansion and plastic deformation of the tubular member. 
[0098] As illustrated in Fig. 17, the lower adjustable expansion mandrel 206 is then displaced 
upwardly by the actuator 20 to thereby radially expand and plastically deform a portion 12a of the 
tubular member 12. In an exemplary embodiment, during the upward displacement of the lower 
adjustable expansion mandrel 206, the tubular member 12 is maintained in a stationary position relative 
to the tubular support member 14 by the locking device 16. In an exemplary embodiment, the tubular 
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member 12 is radially expanded and plastically deformed into engagement with the wellbore 30 and/or 
one or more preexisting wellbore casings coupled to the wellbore 30. In an exemplary embodiment, the 
interface between the expansion surfaces 206a of the lower adjustable expansion mandrel 206 and the 
tubular member 12 is not fluid tight in order to facilitate the lubrication of the interface between the 
expansion surface of the lower adjustable expansion mandrel and the tubular member. In an exemplao' 
embodiment, the expansion surfaces 206a also include means for lubricating the interface between the 
expansion surfaces and the tubular member 12 during the radial expansion and plastic deformation of 
the tubular member. 

10099] As illustrated in Fig. 18, the upper and lower adjustable expansion mandrels, 202 and 206, 
and the float shoe 28 are then displaced downwardly by the actuator 20. During the downward 
displacement of the upper and lower adjustable expansion mandrels, 202 and 206. and the float shoe 28, 
the tubular member is maintained in a stationary position relative to the tubular support member 14 by 
the locking devicie 16. 

10100) As illustrated in Fig. 19. the upper adjustable expansion mandrel 202 is then expanded to 
the larger dimension and the lower adjustable expansion mandrel 206 is collapsed to the smaller 
dimension. In an exemplary embodiment, the larger dimension of the upper adjustable e.xpansion 
mandrel 202 is less than the larger dimension of the lower adjustable expansion mandrel 206. In 
• several alternative embodiments, the upper adjustable expansion mandrel 202 may be expanded to the 
larger dimension and the lower adjustable expansion mandrel 206 may be collapsed to the smaller 
dimension by, for example, injecting fluidic material into the upper and/or adjustable exparision 
mandrel and/or by impacting the float shoe 28 on the bottom of the wellbore 30. After expandmg the 
upper adjustable expansion mandrel 202 to the larger dimension, expansion surfeces 202a are defined 
on the upper adjustable expansion mandrel that may include, for example, conical, spherical, elliptical, 
and/or hyperbolic surfeces for radially expanding and plastically deforming the tubular member 1 2. In 
an exemplary embodiment, the expansion surfaces 2b2a also include means for lubricating the interface 
between the expansion surfaces and the tubular member 12 during the radial expansion and plastic 
deformation of the tubular member. 

lOlOll As illustrated in Fig. 20, the upper adjustable expansion mandrel 202 is then displaced 
upwardly by the achtator 20 to thereby radially expand and plastically deform a portion 12b of the 
tubular member 12 above the portion 12a of the tubular member. In an exemplary embodiment, the 
inside diameter of the radially expanded and plastically deformed portion 12a of die tubular member 12 
is greater than the inside diameter of the radially expanded and plastically deformed portion I2b of the 
tubular member. In an exemplary embodiment, during the upward displacement of the upper adjustable 
expansion mandrel 202, the tubular member 12 is maintained in a stationary position relative to the 
tubular support member 1 4 by the locking device 16. In an exemplary embodiment, the tubular 
member 12 is radially expanded and plastically deformed into engagement with the wellbore 30 and/or 
one or more preexisting wellbore casings coupled to the wellbore 30. In an exemplary embodiment, the 
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interface between the expansion surfaces 202a of the upper adjustable expansion mandrel 202 and the 
tubular member 12 is not fluid tight in order to facilitate the lubrication of the interface between the 
expansion surface of the upper adjustable expansion mandrel and the tubular member. 
10102] As illustrated in Fig. 2 1 , the locking device 1 6 is then disengaged from the tubular member 
12, and the tubular member 12 is supported by the upper adjustable expansion mandrel 202. Hie 
tubular support member 14, the locking device 16. the tubular support member 18, and the actuator 20 
are then displaced upwardly relative to the upper adjustable expansion mandrel 202 and the tubular 
member 12. 

[01031 As illustrated in Fig. 22, the locking device 16 then engages the tubular member 12 to 
maintain the tubular member in a stationary position relative to the tubular support member 14, and the 
upper adjustable expansion mandrel 202 is displaced upwardly relative by the actuator 20 to radially 
expand and plastically deform the portion 1 2b of the tubular member. 

[0104] In an exemplary embodiment, the operations of Figs. 2 1 and 22 are then repeated until the 
remaining length of the portion 12b of the tubular member 12 is radially expanded and plastically 
deformed by the upper adjustable expansion mandrel 202. In several alternative embodiments, the 
upper adjustable expansion mandrel 202 may be collapsed to the smaller dimension prior to the further, 
or complete, radial expansion and plastic deformation of the tubular member 12. 
[0105] Referring to Fig. 23, in an exemplary embodiment, the method and apparatus of one or 
more of Figs. 1-22 are repeated to provide a mono diameter wellbore casing 300 within a borehole 302 
that traverees a subteirahean formation 304 by successively overlapping and radially expanding and 
plastically deforming wellbore casing 306a-306d within the wellbore. In this manner, a wellbore casing 
300 is provided that defines an interior passage having a substantially constant cross sectional area 
throughout its length. In several alternative embodiments, the cross section of the wellbore casing 300 
may be, for example, square, rectangular, elliptical, oval, circular and/or faceted. 
[0106] Referring to Figs. 24a-24k, ari exemplary embodiment of an apparatus 400 for radially 
expanding and plastically deforming a tubular member includes a tubular support member 402 that 
defines a longitudinal passage 402a that is threadably coupled to and received within an end of a tool 
joint adaptor 404 that defines a longitudinal passage 404a and radial passages 404b and 404c. 
[0107] The other end of the tool joint adaptor 404 receives and is threadably coupled to an end of a 
gripper upper mandrel 406 that defines a longitudinal passage 406a, external radial mounting holes, 
406b and 406c, an external annular recess 406d. an external annular recess 406e. hydraulic port 406f. 
an internal annular recess 406g, hydraulic port 406h, external radial mounting holes. 406i and 406j, and 
includes a flange 406k, and a flange 4061. Torsional locking pins, 408a and 408b, are coupled to the 
external radial mounting holes. 406b and 406c. respectively, of the gripper upper mandrel 406 and 
received within the radial passages, 404b and 404c. respectively, of the tool joint adaptor 404. 
[01081 A spring retainer sleeve 410 that includes a flange 4l0a receives and is threadably coupled 
to the gripper upper mandrel 406 between an end face of the tool joint adaptor 404 and the flange 406k 
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of the gripper upper mandrel. A bypass valve body 412 receives and is movably coupled to the gripper 
upper mandrel 406 that defines radial passages, 412a and 412b. and an internal annular recess 412c 
includes a flange 41 2d. 

101091 An end of a spring cover 414 receives and is movably coupled to the spring retainer sleeve 
41 0 that defines an internal annular recess 4 14a. The other end of die spring cover 4 14 receives and is 
threadably coupled to an end of the bypass valve body 412. A spring guide 416. a SFing418. and a 
spring guide 420 are positioned within an annular chamber 422 defined between the spring cover 4 1 4 
and the flange 406k of the gripper upper mandrel 406. Furthermore, an end of the spring guide 416 
abuts an end face of the spring retainer sleeve 410. 

lOllOl Casing gripper locking dogs, 424a and 424b, are received and pivotally mounted within the 
radial passages. 412a and 412b, respectively, of the bypass valve body 412. An end of each of the 
casing gripper locking dogs, 424a and 424b, engage and are received within the outer annular recess 
406d of the gripper upper mandrel 406. An end of a debris trap 426 receive? and is threadably coupled 
to an end of the bypass valve body 412, and the otlier end of tlie debris trap receives and is movably 
coupled to the flange 4061 of the gripper upper mandrel 406. 

lOUU An end of a gripper body 428 receives and is threadably coupled to an end of the gripper 
upper mandrel 406 that defines a longitudinal passage 428a. radial passages. 428b and 428c, radial slip 
mounting passages. 428d-428m, and radial passages. 428n and 428o, includes a flange 428p. 
101121 Hydraulic slip pistons 432a-432j are movably mounted with theriadiarslipmountin . 

passages 428d-428m, respectively, for movement in the radial direction. Retainers 434a-434j are. 
coupled to the exterior of the flange 428p of the gripper body 428 for limiting the outward radial 
movement of the hydraulic slip pistons 432a-432j, respectively, and springs 436a-436j are positioned 
within the radial slip mounting passages, 428d-428m, respectively, of the gripperbody between the 
hydraulic slip pistons, 432a-432j. and the retainers, 434a-434j, respectively. During operation of the 
apparatus 400, pressurization of the radial slip mounting passages, 428d-428m, displaces the hydraulic 
slip pistons, 432a-432j, respectively, radially outwardly and compresses the springs, 436a-436j. 
respectively, and during depressurization of the radial slip mounting passages, 428d-428m, springs, 
436a-436j, respectively, displace the hydraulic slip pistons, 432a-432j. inwardly. In an exemplary 
embodiment, displacement of the hydraulic slip pistons 432a-432j radially outwardly permits at least 
portions of the hydraulic slip pistons to engage and grip an outer tubular member. 
101131 Torsional locking pins, 438a and 438b. are coupled to the external radial mounting holes, 
406i and 406j, respectively, of the gripper upper mandrel 406 and received within the radial passages. 
428b and 428c. respectively, of the gripper body 428. 

[01141 An end of a gripper body 440 receives and is threadably coupled to an end of the gripper 
body 428 tliat defines a longitudinal passage 440a, radial passages. 440b and 440c. radial slip mounting 
passages, 440d-440m. and radial passages. 440n and 440o. includes a flange 440p. 
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(01 15] Hydraulic slip pistons 442a442j are movably mounted with the radial slip mounting 
passages 440d-440m, respectively, for movement in the radial direction. Retainers 444a-444j are 
coupled to the exterior of the flange 440p of the gripper body 440 for limiting the outward radial 
movement of the hydraulic slip pistons 442a-442j, respectively, and springs 446a-446j are positioned 
within the radial slip mounting passages, 440d-440m. respectively, of the gripper body between the 
hydraulic slip pistons, 442a^42j, and the retainers^ 444a-444j, respectively. During operation of the 
apparatus 400, pressurization of die radial slip mounting passages, 440d-440m. displaces the hydraulic 
slip pistons, 442a-442j, respectively, radially outwardly and compresses die springs, 446a-446j, 
respectively, and during depressurization of the radial slip mounting passages, 440d-440m. the springs, 
446a-446j, respectively, displace the hydraulic slip pistons, 442a-442j, radially inward. In an 
exemplary embodiment, displacement of die hydraulic slip pistons 442a-442j radially outwardly 
permits at least portions of the hydraulic slip pistons to engage and grip an outer tubular member. 
[01161 Torsional locking pins, 448a and 448b, are coupled to the external radial mounting holes. 
428n and 428o, respectively, of the gripper body 428 and received within the radial passages, 440b and 
440c, respectively, of the gripper body 440. 

101171 An end of a tool joint adaptor 450 that defines a longitudinal passage 450a, radial passages, 
450b and 450c, and an imier annular recess 450d, receives and is tiirtsadably coupled to an end of the 
gripper body 440. Torsional locking pins. 452a and 452b, are coupled to the external radial mounting 
holes. 440n and 440o, respectively, of the gripper body 428 and received whhin the radial passages, 
450b and 450c, respectively, of the tool joint adaptor 450. : 

101181 A bypass tube 454 tiiat defines a longitudinal passage 454a is received within the 
longitudinal passages, 406a, 428a, 440a, and 450a, of the gripper upper mandrel 406, the gripper body 
428. the gripper body 440, and the tool joint adaptor 450, respectively, is coupled to the recess 406g of 
the iripper upper mandrel at one end and is coupled to Ae recess 450d of the tool joint adaptor at the 
other end. 

[01191 An end of a cross over adaptor 456 that defines a longitudinal passage 456a receives and is 
threadably coupled to an end of the tool joint adaptor 450. The odier end of the cross over adaptor 456 
is received within and is coupled to an end of a tool joint adaptor 458 Uiat defines a longitudinal 
passage 458a and exiemal radial mounting holes. 458b and 458c. 

[01201 An end of a positive casing locking body 460 that defines a tapered longitudinal passage 
460a and radial passages. 460b and 460c. receives and is threadably coupled to die other end of the tool 
joint adaptor 458. Torsional locking pins, 462a and 462b. are coupled to die external radial mounting 
holes, 458b and 458c respectively, of die tool joint adaptor 458 and received witfiin the radial passages. 
460b and 460c, respectively, of the positive casing locking body 460. 

(01211 An end of a positive casing locking dog 464 mates widi, is received within, and is coupled 
to the other end of the positive casing locking body 460 that includes internal flanges, 464a and 464b, 
and an externa! flange 464c. In an exemplaiy embodiment, die external flange 464c of the positive 

23 



wo 03/042487 PCT/IIS02/36267 

casing locking dog 464 includes an ribbed external surface 464d that engages and locks onto a ribbed 
internal surface 466a of a positive casing locking collar 466. 

(0122) One end of the positive casing locking collar 466 is threadably coupled to a casing 468 and 
the other end of tlie positive casing locking collar is threadably coupled to a casing 470 that defines 
radial mounting holes, 470a and 470b, at a lov/er end thereof. In this manner, the casings, 468 and 470, 
are also engaged by arid locked onto the positive casing locking dog 464. 

[01231 The other end of the positive casing locking dog 464 mates with, is received within, and is 
coupled to an end of a positive casing locking body 472 that defines a t^red longitudinal passage 
472a and radial passages, 472b and 472c. The other end of the positive casing locking body 472 
receives, mates with, and is coupled to an end of a casing lock barrel adaptor 474 that defines external 
radial mounting holes, 474a and 474b, and external radial mounting holes, 474c and 474d. Torsional 
locking pins, 475a and 475b, are coupled to the external radial mounting holes, 474a and 474b, 
respectively, of the casing lock barrel adaptor 474 and received within the radial passages, 472b and 
472c, respectively, of the positive casing locking body 472. 

[0124] An end of a positive casing lock releasing mandrel 476 that defines a longitudinal passage 
476a, an external annular recess 476b, an external annular recess 476c, an external annular recess 476d, 
and an external annular recessed end portion 476e, is received within and movably coupled to an end of 
the tool joint adaptor 458. The middle portion of the positive casing lock releasing mandrel 476 is 
received within said mates with the internal flanges, 464a and 464b, of the positive casing locking dogs 
464. The other end of the positive casing lock releasing mandrel 476 is received within and is movably 
coupled to the end of the casing lock barrel adaptor 474, and the external annular recessed portion 476e 
of the positive casing lock releasing mandrel is threadably coupled to and received within an end of a 
positive casing lock lower mandrel 478 that defines a longitudinal passage 478a, external radial 
mounting holes, 478b and 478c, and an external annular recessed end portion 478d. 
[0125J A shear pin ring 480 that defines radial passages, 480a and 480b, receives and mates with 
the positive casing lock lower mandrel 478. Shear pins, 482a and 482b, are coupled to the external 
radial mounting holes, 478b and 478c, respectively, of the positive casing lock lower mandrel 478 and 
are received within the radial passages, 480a and 480b, respectively, of the shear pin ring 480. 
10126] An end of an actuator barrel 484 that defines a longitudinal passage 484a, radial passages, 
484b and 484c, and radial passages, 484d and 484e, is threadably coupled to an end of the casing lock 
barrel adaptor 474. Torsional locking pins, 486a and 486b, are coupled to the external radial mounting 
holes, 474c and 474d, respectively, of the casing lock barrel adaptor and are received widiin the radial 
passages, 484b and 484c, respectively, of the actuator barrel. 

[01271 The otlier end of the actuator barrel 484 is threadably coupled to an end of a barrel 
connector 486 that defines an internal annular recess 486a, external radial mounting holes, 486b and 
486c, radial passages, 4S6d and 486e, and external radial mounting holes, 486f and 486g. A sealing 
cartridge 488 is received within and coupled to the internal annular recess 486a of the barrel connector 
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486 for fluidicly sealing the interface between the barrel connector and the sealing cartridge. Torsional 
locking pins, 490a and 490b, are coupled to and mounted witliin tlie external radial mounting holes, 
486b and 486c, respectively, of the barrel connector 486 and received within the radial passages, 484d 
and 484e, of the actuator barrel 484. 

10128) The other end of the barrel connector 486 is threadably coupled to an end of an actuator 
barrel 492 that defines a longitudinal passage 492a, radial passages. 492b and 492c, and radial passages. 
492d and 492e. Torsional locking pins. 494a and 494b, are coupled to and mounted within the external 
radial mounting holes, 486f and 486g, respectively, of the barrel connector 486 and received within the 
radial passages, 492b and 492c, of the actuator barrel 492. The other end of the actuator barrel 492 is 
threadably coupled to an end of a barrel connector 496 that defines an internal annular recess 496a, 
external radial mounting holes. 496b and 496c, radial passages, 496d and 496e, and external radial 
mounting holes. 496f and 496g. A sealing cartridge 498 is received within and coupled to the internal 
annular r^ss 496a of the barrel connector 496 for fliiidicly seating the interface between the barrel 
connector and the sealing cartridge. Torsional locking pins, 500a and 500b, are coupled to and 
mounted within the external radial mounting holes, 496b and 496c, respectively, of the barrel connector 
496 and received within die radial passages, 492d and 492e, of the actuator barrel 492. 
101291 The end of the barrel connector 496 is threadably coupled to an end of an actuator barrel 
502 tiiat defines a longitudinal passage 502a, radial passages, 502b and 502c, and radial passages. 502d 
and 502e. Torsional locking pins, 504a and 504b, are coupled to and mounted within the external radial 
mounting holes, 496f and 496g, respectively, of the barrel connector 4% and received within the radial 
passages, 502b and 502c, of the actuator barrel 502. The other end of the actuator barrel 502 is 
threadably coupled to an end of a barrel connector 506 that defines an internal annular recess 506a, 
external radial mounting holes, S06b and 506c, tadial passages, 506d and 506e, and external radial 
mounting holes. 506f and 506g. Torsional locking pins, 508a and 508b, are coupled to and mounted 
within the external radial mounting holes, 506b and 506c respectively, of the barrel connector 506 and 
received within the radial passages, 502d and 502e, of the actuator barrel 502. A sealing cartridge 510 
is received within and coupled to the internal annular recess 506a of the barrel connector 506 for 
fluidicly sealing the interface between the banrel connector and the sealing cartridge. 
101301 The other end of the barrel connector 506 is threadably coupled to an end of an actuator 
barrel 512 that defines a longitudinal passage 512a, radial passages, 512b and 512c, and radial passages, 
5 1 2d and 5 1 2e. Torsional locking pins, 5 14a and 5 14b. are coupled to and mounted within the external 
radial mounting holes, 506f and 506g, respectively, of the barrel connector 506 and received within the 
radial passages, 512b and 512c, of the actuator barrel 512. The other end of the actuator barrel 512 is 
threadably coupled to an end of a lower stop 516 that defines an internal annular recess 516a. external 
radial mounting holes, 516b and 516c. and an internal annular recess 516d that includes one or more 
circumferentially spaced apart locking teeth 5l6e at one end and one or more circumferentially spaced 
apart locking teeth 516f at the other end. A sealing cartridge 518 is received within and coupled to the 
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internal annular recess 516a of the barrel connector 516 for fluidicly sealing the interface between the 
barrel connector and the sealing cartridge. Torsional locking pins, 520a and 520b, are coupled to and 
mounted within the external radial mounting holes, 516b and 516c, respectively, of the bairel connector 
516 and received within the radial passages, 512d and 512e, of the actuator barrel 512. 
[0131] A connector tube 522 that defines a longitudinal passage 522a is received within and 
sealingly and movably engages the interior surface of the sealing cartridge 488 mounted within the 
annular recess 486a of the barrel connector 486. In this manner, during longitudinal displacement of 
the connector tube 522 relative to the barrel connector 486. a fluidic seal is maintained between the 
exterior surface of the connector tube and the interior surface of the barrel connector. An end of the 
connector tube 522 is received within and is threadably coupled to an end of dart/ball guide 524 that 
defines a tapered passage 524a at the other end. 

[01321 The other end of the connector tube 522 is received within and threadably coupled to an 
end of a piston 526 tliat defines a longitudinal passage 526a and radial passages, 526b and 526c, that 
includes a flange 526d at one end. A sealing cartridge 528 is mounted onto and sealingly coupled to the 
exterior of the piston 526 proximate the flange 526d. The sealing cartridge 528 also mates with and 
sealingly engages the interior surface of the actuator barrel 492. In this manner, during longitudinal 
displacement of the piston 526 relative to the actuator barrel 492, a fluidic seal is maintained between 
the exterior surface of the piston and tlie interior surface of the actuator barrel. 

[0133] The other end of the piston 526 receives and is threadably coupled to an end of a connector 
tube 529 that defines a longitudinal passage 528a: The connector tube 529 is received within and 
sealingly and movably engages the interior surface of the sealing cartridge 498 mounted within the 
annular recess 496a of the barrel connector 496. In this manner, during longitudinal displacement of 
the connector tube 529 relative to the barrel connector 496, a fluidic seal is maintained between the 
exterior surface of the connector tube and the interior surface of the barrel connector. 
101341 The other end of the connector tube 529 is received within and threadably coupled to an 
end of a piston 530 that defines a longitudinal passage 530a and radial passages, 530b and 530c, that 
includes a flange 530d at one end. A sealing cartridge 532 is mounted onto and sealingly coupled to the 
exterior of the piston 530 proximate the flange 530d. The sealing cartridge 532 also mates with and 
sealingly engages the interior surface of the actuator barrel 502. In this manner, during longitudinal 
displacement of the piston 530 relative to the actuator barrel 502, a fluidic seal is maintained between 
the exterior surface of the piston and the interior surface of the actuator barrel. 
[0135] The other end of the piston 530 receives and is threadably coupled to an end of a connector 
tube 534 that defines a longitudinal passage 534a, The connector tube 534 is received within and 
sealingly and movably engages the interior surface of the sealing cartridge 510 mounted within the 
annular recess 506a of the barrel connector 506. In this manner, during longimdinal displacement of 
the connector tube 534 relative to the barrel connector 506, a fluidic seal is maintained between the 
exterior surface of the connector tube and the interior surface of the banrel connector. 
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101361 The other end of the connector tube 534 is received within and threadably coupled to an 

end of a piston 536 that defines a longitudinal passage 536a, radial passages, 536b and 536c, and 
external mdial mounting holes, 536d and 536e, that includes a Hange 536f at one end. A sealing 
cartridge 538 is mounted onto and sealingly coupled to the exterior of the piston 536 proximate the 
nange 536d. The sealing cartridge 538 also mates with and sealingly engages the interior surface of the 
actuator barrel 5 12 In this inanner. during longitudinal displacement of the piston 536 relative to the 
actuator barrel 512, a fluidic seal is maintained between the exterior surfece of the piston and the 
interior surfece of the actuator barrel. 

101371 The other end of the piston 536 is received within and threadably coupled to an end of a 
lock nut 540 that defines radial passages. 540a and 540b. and includes one or more circumferentially 
spaced apart locking teeth 540c at the other end for engaging the circumferentially spaced apart locking 
teeth 516e of the lower stop 516. 

[0138] A threaded bushing 542 is received within and threadably coupled to the circumferentially 
spaced apart locking teeth 540c of the lock nut 540. An end of a connector tube 544 that defines a 
longitudinal passage 544a is received within and is tlireadably coupled to the threaded bushing 542. A 
sealing sleeve 546 is received within and is threadably coupled to adjacem ends of the piston 536 and 
the connector tube 544 for fluidicly sealing the interface between the end of the piston and the end of 
the connector tube. Torsional locking pins, 548a and 548b. are mounted within and coupled to the 
external radial mounting holes, 536d and 536e, respectively, of the piston 536 that are received within : 
the radial passages, 540a and 540b, of the stop nut 540. 

101391 The connector tube 544 is received within and sealingly and movably engages the interior 
surface of the sealing cartridge 518 mounted within tlie annular recess 516a of the barrel connector 5 16. 
in this manner, during longitudinal displacement of the connector tube 544 relative to the barrel 
connector 516. a fluidic seal is maintained between the exterior surface of the comiector tube and the 
interior surface ofthe barrel connector. • 

[01401 The other end of the connector tube 544 is received within and is threadably coupled to a 
threaded bushing 550. The threaded bushing 550 is received within and threadably coupled to a lock 
nut 552 that defines radial passages, 552a and 552b, and includes one or more circumferentially spaced 
apart locking teeth 5S2c at one end for engaging the circumferentially spaced apart locking teeth 5 16f 
of the lower stop 516. The other end of the lock nut 552 receives and is threadably coupled to an end of 
tool joint adaptor 554 that defines a longitudinal passage 554a, external radial mounting holes. 554b 
and 554c. Torsional locking pins, 556a and 556b. are mounted within and coupled to tlw external radial 
mounting holes, 554b and 554c. respectively, of the tool joint adaptor 554 that are received within the 
radial passages. 552a and 552b. of the stop nut 552. A sealing sleeve 558 is received within and is 
threadably coupled to adjacent ends of the connector tube 544 and the tooljoint adaptor 554 for 
fluidicly sealing the interface between the end of the connector tube and the end of the tool joint 
adaptor. 
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10141] The Other end of the tool joint adaptor 554 is received within and threadably coupled to an 
end of a tool joint adaptor 560 that defines a longitudinal passage 560a. A torsion plate 562 is received 
within and threadably coupled to the other end of the tool joint adaptor 560 that defines a longitudinal 
passage 562a and includes one or ntore circumferentially spaced apart locking teeth 562b at one end. 
An end of an upper bushing 564 is also received within and threadably coupled to the other end of the 
tool joint adaptor 560 proximate the torsion plate 562 that receives and is threadably coupled to an end 
of a cup mandrel 566 that defines a longitudinal passage 566a and includes a plurality of 
ciicumfeientially spaced apart locking teeth 566b at one end for engaging the circumferentially spaced 
apart locking teeth 562b of the torsion plate 562. The end of the cup mandrel 566 is further positioned 
proximate an end face of the torsion plate 562. 

(01421 A thimble 568 is mounted on and is threadably coupled to the cup mandrel 566 proximate 
an end face of the upper bushing 564. An inner thimble 570 is mounted on and is threadably coupled to 
the cup mandrel 566 proximate an end of the thimble 568, and one end of the inner thimble is received, 
within and mates with the end of the thimble. A resilient packer cup 572 is mounted on and sealingly 
engages the cup mandrel 566 proximate an end of the inner thimble 570, and one end of the packer cup 
is received within and mates with the end of the inner thimble. A packer cup backup ring 574 is 
mounted on the inner thimble 570 proximate an end face of the thimble 568, and an end of the packer 
cup backup ring 574 receives and mates with the packer cup 572. A spacer 576 is mounted on and 
flireadably engages the cup mandrel 566 proximate an end tsiut bif the packer cup 572. 
10143] A thimble 578 is mounted on and is threadably coupled to the cup mandrel 566 proximate 
an end of the spacer 576. An inner thimble 580 is mounted on and is threadably coupled to the cup 
mandrel 566 proximate an end of the thimble 578, and one end of the inner thimble is received within 
and mates with the end of the thimble. A resilient packer cup 582 is mounted on and sealingly engages 
the cup mandrel 566 proximate an end of the inner thimble 580, and one end of the packer cup is 
received within and mates with the end of the inner thimble. A packer cup backup ring 584 is mounted • 
on the inner thimble 580 proximate an end face of the thimble 578, and an end of the packer cup backup 
ring 584 receives and mates with the packer cup 582. An adjustable spacer 586 is mounted on and 
threadably engages the cup mandrel 566 proximate an end face of the packer cup 582. 
[0144] An end of a cone mandrel 588 that defines a longitudinal passage 588a, an external lock 
ring groove 588b, an extenial lock ring groove 588c, an external lock ring groove 588d, an external 
lock ring groove 588e. radial passages, 588f and 588g, and locking dog grooves 588h receives and is 
threadably coupled to an end of the cup mandrel 566. A shear pin bushing 590 that defines external 
radial mounting holes, 590a and 590b, at one end and an annular recess 590c at another end and 
includes circumferentially spaced apart locking teeth 590d at the other end is mounted on and is 
movably coupled to the cone mandrel 588. Torsional shear pins. 592a and 592b. are mounted within 
and coupled to the external radial mounting holes. 590a and 590b. respectively, of the shear pin bushing 
590 and received within the radial passages, 470a and 470b, respectively, of the end of the casing 470. 
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In this manner, torque loads may be transmitted between the casing 470 and the shear pin bushing 590. 
A resilient lock ring 594 is retained in the external lock ring groove 588b of the cone mandrel and 
received within the internal annular recess 590c at the end of the shear pin bushing 590. 
10145) Referring to Figs. 24j. 25a, and 25b, an upper cone retainer 596 receives, mates with, and is 
coupled to the end of the shear pin bushing 590 that Includes an internal flange 596a and an internal 
upper pivot point flange 596b. An end of an upper cam 598 includes a tubular base 598a that mates 

with, receives, and is movably coupled to the cone mandrel 588. The tubular base 598a of the upper 
cam'598 further includes an external flange 598b that is received within and mates with the upper cone 
retainer 596 proximate tlie internal flange 596a of the upper cone retainer and a plurality of 
circumferentially spaced apart locking teeth 598c that engage Ute circumferentially spaced apart locking 
teeth 590d of the end of the shear pin bushing 590. In this manner, the upper cam 598 is retained within 
the upper cone retainer 596 and torque loads may be tnmsmitted between the upper cam and the shear 
pin bushing 590. 

(01461 Referring to Figs. 25b and 25c. the upper cam 598 further includes a plurality of 
circumferentially spaced apart cam arms 598d that extend fiom the tubular base 598a in the longitudinal 
direction that mate with, receive, and are movably coupled to the cone mandrel 588. Each cam ann 
598d includes an inner surface 598da that is an arcuate cylindrical segment, a first outer surface 598db 
that is an arcuate cylindrical segment, a second outer surface 598dc that is an arcuate conical segment, 
and a third out^r siirface 598dd that is an ai^uaie cylindrical segment. In an exemplary embodiment, 
each of the cam arms 598d are id«itical. 

101471 Referring to Figs. 24j, 25a, and 25d, a plurality of circumferentialy spaced apart upper cone 
segments 600 are interleaved among the cam arms 598d of the upper cam 598. In an exemplary 
embodiment, each upper cone segment 600 includes a first outer surface 600a that defines a hinge 
groove 600b, a second outer surface 600c, a third outer surface 600d. a fourth outer surface 600e. a first 
inner surface 600f, a second inner surface 600g. a third inner surface 600h, and a fourth inner surface 
6001. m an exemplary embodiment, the first outer surface 600a, the second outer surface 600c, the 
fourth outer surf-ace 600e. the first imH^ surface 600f, the second inner surfiice 600g. and the fourth 
inner surface 600i are arcuate cylindrical segments. In an exemplary embodiment, the third outer 
surface 600d is an arcuate spherical segment. In an exemplary embodiment, the third imier surface 
600h is an arcuate conical segment In an exemplary embodiment, each of the upper cone segments 
600 are identical. In an exemplary embodiment, the hinge grooves 600b of the upper cone segments 
600 receive and mate with the pivot point 596b of the upper cone retainer 596. In this manner, the 
upper cone segments 600 ate pivotally coupled to the upper cone retainer 596. 
[01481 Referring to Figs. 24j, 25a, and 2Se, a plurality of circumferentially spaced apart lower 
cone segments 602 overlap with and are interleaved among the upper cone segments 600. In an 
exemplary embodiment, each lower cone segment 602 includes a first outer surface 602a that defines a 
hinge groove 602b, a second outer surface 602c, a third outer surface 602d, a fourth outer surface 602e. 
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a first inner surface 602f, a second inner surface 602g, a third inner surface 602h, and a fourth inner 
surface 602i, In an exemplary embodiment, tlie first outer surface 602a, the second outer surface 602c, 
the fourth outer surface 602e, the first inner surface 602f, the second inner surface 602g, and the fourth 
inner surface 6021 are arcuate cylindrical segments. In an exemplary embodiment, the third outer 
surface 602d is an arcuate spherical segment. In an exemplary embodiment, the third inner surface 
662h is an arcuate conical segment. In an exemplary embodiment, each of the lower cone segments 
602 are identical. 

[01491 Referring to Figs. 24j, 25a, 25b, and 25f, a plurality of circuraferentially spaced apart cam 
arms 604a that extend in the longitudinal direction from a tubular base 604b of a lower cam 604 overlap 
and are interleaved among the circumfeientially spaced apart cam arms 598d of the upper cam 598 and 
mate with, receive, and are movably coupled to the cone mandrel 588. The tubular base 604b of the 
lower cam 604 mates with, receives, and is movably coupled to the cone mandrel 588 and includes an 
external flange 604c and a plurality of circumferentially spaced apart locking teeth 604d. Each cam 
arm 604a includes an inner surface 604aa that is an arcuate cylindrical segment, a first outer surface 
604ab that is an arcuate cylindrical segment, a second outer surface 604ac that is an arcuate conical 
segment, and a third outer surface 604ad that is an arcuate cylindrical segment. In an exemplary 
embodiment, each of the cam arms 604a are identical. 

[01501 An end of a lower cone retainer 606 includes an inner pivot point flange 606a that mates 
with and is received within the hinge grooves 602b of tlie lower cone segments 602. In this manner, the 
lower cone segments 602 are pivotally coupled to the lower cone retainer 606. The lower cone retainer 
606 further includes an inner flange 606b that mates with and retains the external flange 604c of the 
lower cam 604. In this manner, the lower cam 604 is retained within the lower cone retainer 606. 
[0151] The other end of the lower cone retainer 606 receives and is threadably coupled to an end 
of a release housing 608 that defines a radial passage 608a at another end and includes a plurality of 
circumferentially spaced apart locking teeth 608b at the end of the release housing for engaging the 
circumferentially spaced apart locking teeth 604d of the lower cam 604. In this manner, torque loads 
may be transmitted between the release housing 608 and the lower cam 604. An end of a lower 
mandrel 610 that defines a longitudinal passage 610a, an external radial mounting hole 610b, and radial 
passages 6l0c is received within, mates with, and is movably coupled to the other end of the release 
housing 608. A torsion locking pin 612 is mounted within and coupled to the external radial mounting 
hole 610b of the lower mandrel 610 and received within the radial passage 608a of the release housing 
608. In this manner, longitudinal and torque loads may be transmitted between the release housing 608 
and the lower mandrel 610. 

[01521 An end of a locking dog retainer sleeve 614 that defines an inner annular recess 614a at one 
end and includes a plurality of circumferentially spaced apart locking teeth 614b at one end for 
engaging the locking teeth 604d of the lower cam 604 is received within and threadably coupled to an 
end of the lower mandrel 610. The locking dog retainer sleeve 614 is also positioned between and 
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movably coupled to the release housing 608 and the cone mandrel 588. Locking dogs 616 are received 
within the inner annular recess 614a of the locking dog retainer sleeve 614 that releasably engage the 
locking dog grooves 588h provided in the exterior surface of the cone mandrel 588. In this manner, the 
locking dogs 616 releasably limit the longitudinal displacement of the lower cone segments 602, lower 
cam 604, and the lower cone retainer 606 relative to the cone mandrel 588. 
10153) A locking ring retainer 61 8 is received within and is threadably coupled to an end of the 
lower mandrel 610 that defines an inner annular recess 61 8a for retaining a resilient locking ring 620 
vrithin the lock ring groove 588d of the cone mandrel 588. The locking ring retainer 618 further males 
with and is movably coupled to the cone mandrel 588. An end of an emergency release sleeve 622 that 
defines radial passages 622a, an outer annular recess 622b, and a longitudinal passage 622c is received 
within and is threadably coupled to an end of the lower mandrel 610. The emergency release sleeve 
622 is also received within, mates with, and slidably and sealingly engages an end of the cone mandrel 
588. 

(01541 An end of a pressure balance piston 624 is received within, mates with, and slidably and 
sealingly engages the end of the lower mandrel 610 and receives, mates witii, and is threadably coupled 
to an end of the cone mandrel 588. The other end of the pressure balance piston 624 receives, mates 
with, and slidably and sealingly engages the emergency release sleeve 622. 
10155) An end of a bypass valve operating probe 626 diat defines a longitudinal passage 626a is 
received within and is threadably coupled to another end of the lower mandrel 610. An end of an 
expansion cone mandrel 628 that defines radial passages 628a receives and is threadably coupled to the 
other end of the lower mandrel 610. A sealing sleeve expansion cone 630 is slidably coupled to the 
other end of the expansion cone mandrel 628 that includes an outer tapered expansion surface 630a. A 
guide 632 is releasably coupled to another end of die expansion cone mandrel 628 by a retaining collet 
634. 

' 10156) An end of an expandable sealing sleeve 636 receives and is mounted on the sealing sleeve 
expansion cone 630 and the guide 632. The other end of the expandable sealing sleeve 636 receives 
and is threadably coupled to an end of a bypass valve body 638 that defines radial passages. 638a and 
638b. An elastomeric coating 640 is coupled to the exterior of at least a portion of the expandable 
sealing sleeve 636. An end of a probe guide 642 that defines an inner annular recess 642a is received 
within and is threadably coupled to an end of the bypass valve body 638 and receives and mates with an 
end of the bypass valve operating probe 626. 

(0157) A bypass valve 644 diat defines a longitudinal passage 644a and radial passages, 644b and 
644c, and includes a collet locking member 644d at one end for releasably engaging an end of the 
bypals valve operating probe 626 is received within, mates widi. and slidably and sealingly engages the 
bypass valve body 638. An end of a lower mandrel 646 diat defines a longftudinal passage 646a 
receives and is threadably coupled to an end of the bypass valve body 638. 



31 



WO03/(M24«7 PCT/lJS«2/362<-.7 

101581 An end of a dart guide sleeve 648 that defines a longitudinal passage 648a is received 
within and is coupled to an end of the bypass valve body 638 and the other end of the dart guide sleeve 
648 is received within and is coupled with the lower mandrel 646. An end of a differential piston 650 
tliat includes an inner flange 650a at another end receives and is coupled to an end of the lower mandrel 
646 by one or more shear pins 652. An end of a float valve assembly 654 including a float valve 654a, 
a valve guard 654b, and a guide nose 654c receive and is thteadably coupled to an end of the lower 
mandrer646. A plurality of circumferentially spaced apart locking dogs 656 are pivotally coupled to 
the inner flange 650a of the differential piston 650 and are further supported by an end of the float valve 
assembly 654. 

I0159J As illustrated in Figs. 24a-24k. in an exemplary embodiment, during operation of the 
apparatus 400, the apparatus is initially positioned within a preexisting structure 700 such as. for 
example, a wellbore that traverses a subterranean formation. In several alternative embodiments, the 
wellbote' 700 may have any inclination from vertical to horizontal. Furthemiore, in several alternative 
embodiments, the wellbore 700 may also include one or more preexisting wellbore casings, or other 
well construction elements, coupled to the wellbore. During the positioning of the apparatus 400 within 
the wellbore 700, the casings, 468 and 470, are supported by the positive casing locking dog 464 and 
the toreional shear pins, 592a and 592b. In this manner, axial and torque loads may be transmitted 
between the casings, 468 and 470, and the tubular support member 402. 
101601 In an exemplary embodiment, as illustrated in Fig. 25h. prior to the assembly of the 
apparatus 400, the force of the spring 418 applies a sufficient downward longitudinal force to position 
the ends of the casing gripper locking dogs, 424a and 424b, between the outer annular recesses, 406d 
and 406e, of the gripper upper mandrel 406 thereby placing the bypass valve body 412 in a neutral 
position. In an exemplary embodiment, when the apparatus 400 is assembled by inserting the apparatus 
into the casing 468, the ends of the casing gripper locking dogs, 424a and 424b, impact the upper end of 
the casing 468 and are thereby displaced, along with the bypass valve body 412, upwardly relative to 
the gripper upper mandrel 406 until the ends of the casing gripper locking dogs pivot radially inwardly 
into^engagement with the outer amiular recess 406d of the gripper upper mandrel. In this manner, the 
bypass valve body 412 is positioned in an inactive position, as illustrated in Fig. 24a, that fluidicly 
decouples the casing gripper hydraulic ports, 406f and 406h. The upward displacement of the bypass 
valve body 4 1 2 relative to the gripper upper mandrel 406 further compresses the spring 4 1 8. The 
bypass valve body 4 1 2 is then maintained in the inactive position due to the placement of the casing 
gripper locking dogs, 424a and 424b, within the casing 468 thereby preventing the ends of the casing 
gripper locking dogs from pivoting radially outward out of engagement with the outer annular recess 
406d. 

101611 Referring to Figs. 26a-26k. when the apparatus 400 is positioned at a desired predetermmed 
position within the wellbore 700. a fluidfc material 702 is injected into the apparatus through the 
passages 402a, 404a. 406a. 454a. 450a. 456a. 458a. 476a. 478a, 484a, 522a. 529a. 534a. 544a. 554a, 
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566a, 588a, 622c, 610a, 626a. 644a, and 646a and out of the apparatus through the float valve 654a. In 
this manner the proper operation of the passages 402a, 404a, 406a, 454a, 450a. 456a. 458a, 476a, 478a, 
484a. 522a. 529a, 534a, 544a, 554a. 566a. 588a, 622c, 610a, 626a, 644a, and 646a and the float valve 
654a may be tested. A dart 704 is then injected into the apparatus with the fluidic material 702 through 
the passages 402a. 404a. 406a, 454a, 450a. 456a. 458a, 476a. 478a, 484a. 522a, S29a. 534a. 544a. 554a. 
566a. 588a. 622c, 610a, 626a. and 644a until the dart is positioned and seated in tlie passage 646a of the 
lower mandrel 646. As a result of the positioning of the dart 704 in the passage 646a of the lower 
mandrel 646, the passage of the lower mandrel is thereby closed. 

[01621 The fluidic material 702 is then injected into the apparatus thereby increasing the operating 
pressure within the passages 402a, 404a, 406a, 454a, 450a, 456a, 458a, 476a, 478a, 484a. 522a, 529a, 
534a. 544a. 554a, 566a, 588a, 622c 610a. 626a, and 644a. Furthermore, the continued injection of the 
fluidic material 702 into the apparatus 400 also causes the fluidic material 702 to pass through the radial 
passages, 526b and 526c, 530b and 530c. and 536b and 536c, of the piston 526, 530. and 536, 
respectively, into an annular pressure chamber 706 defined between the actuator barrel 492 and the 
connector tube 529, an annular pressure chamber 708 defined between the actuator barrel 502 and the 
connector tube 534, and an annular pressure chamber 710 defined between the actuator barrel 512 and 
the connector tube 544. 

10163) The pressurization of the annular pressure chambers, 706, 708, and 710 then cause the 
pistons 526, 530, and 536 to be displaced upwardly relative to the casing 470. As a result, the 
connector tube 529, the connector tube 534, the connector tube 544. the threaded bushing 550, the lock 
nut 552, the tool joint adaptor 554, Ae sealing sleeve 558, the tool joint adaptor 560, the torsion plate 
562. the upper bushing 564, the cup mandrel 566, the thimble 568, the inner thimble 570. the packer 
cup 572, the backup ring 574, the spacer 576. the thimble 578. the inner thimble 580, the packer cup 
582. the'backup ring 584, the spacer 586, and the cone mandrel 588 are displaced upwardly relative to 
the casing 470, the shear pin bushing 590, the locking ring 594, the upper cone retainer 596, the upper 
cam 598, and the upper cone segments 600. 

[01641 As a result, as illustrated in Figs. 26j, 27a. and 27b, the shear pin bushing 590, the locking 
ring 594, the upper cone retainer 596, the upper cam 598, and the upper cone segments 600 are 
displaced downwardly relative to the cone mandrel 588, the lower cone segments 602, and the lower 
cam 604 thereby driving the upper cone segments 600 onto and up the cam anns 604a of the lower cam 
604, and driving the lower cone segments 602 onto and up thecam arms 598d of the upper cam 598. 
During the outward radial displacement of the upper and lower cone segments, 600 and 602, the upper 
and cone segments translate towards one another in the longitudinal direction and also pivot about the 
pivot points, 596b and 606a, of the upper and lower cone retainers, 596 and 606, respectively. 
[01651 As a result, a segmented expansion cone is foimed that includes a substantially continuous 
outer arcuate spherical surface provided by the axially aligned and interleaved upper and lower 
expansion cone segments, 600 and 602. Furthermore, the resilient locking ring 594 is relocated from 
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the lock ring groove 588b to the lock ring groove 588c thereby releasably locking the positions of the 
shear pin bushing 590, the locking ring 594, the upper cone retainer 596, the upper cam 598. and the 
upper cone segments 600 relative to the cone mandrel 588. 

101661 Referring to Figs. 28a to 28j, the continued injection of the fluidic material 702 into the 
apparatus 400 continues to pressurize annular pressure chambere. 706. 708. and 710. As a result, an 
upward axial force is applied to the shear pin bushing 590 that causes the torsional shear pins. 592a and 
592b. to be sheared thereby decoupling tfie wellbore casing 470 from the shear pin bushing 590 and 
permitting the pistons 526, 530, and 536 to be fiiither displaced upwardly relative to the casing 470. 
n,e farther upwanl displacement of the pistons 526, 530, and 536 in turn displaces the cone mandrel 
588. the upper cam 598, the upper cone segments 600. the lower cone segments 602. and the lower cam 
604'upwardly relative to the casing 470. As a result, the segmented expansion cone provided by the 
interieaved and axially aligned upper and lower cone segments. 600 and 602. radially expands and 
plastically deforms a portion of the casing 470. 

[0167] Referring to Figs. 29a-29m, during the continued injection of the fluidic material 702, the 
segmented expansion cone provided by the interleaved and axially aligned upper and lower cone 
segments, 600 and 602, will continue to be displaced upwardly relative to the casing 470 thereby 
continuing to radially expand and plastically deform the casing until the locking dogs 656 engage and 
push on the lower end of the casing 470. When the locking dogs 656 engage and push on the lower end 
of the casing 470. the locking dogs 656. the flokt valve assembly 654. the differential piston 650. the 
dart guide sleeve 648, the lower mandrel 646. the bypass valve 644, the elMtomeric coating 640, the 
bypass valve body 638. the expandable sealing sleeve 636, the retaining collet 634, the guide 632. the 
sealing sleeve expansion cone 630, the expansion cone mandrel 628. the bypass vaWe operating probe 
626. the pressure balance piston 624, the emergency release sleeve 622. the resilient locking ring 620, 
the locking ring retainer618, the locking dogs616, the locking dog retainer sleeve614, the torsion 

locking pin 612. the lower mandrel 610. the release housing 608, the lower cone retainer 606. the lower 
cam 604, and the lower cone segments 602 are displaced downwardly in the longitudinal direction 
relative to the cone mandrel 588. As a result, die upper cam 598 and the upper cone segments 600 are 
moved out of axial alignment with the lower cone segments 602 and the lower cam 604 thereby 
collapsing the segmented expansion cone. Furthemiore, the locking ring 620 is moved from the lock 
ring groove 588d to the lock ring groove 588e thereby releasably fixing the new position of the lower 
cone segments 602 and the lower cam 604. 

[01681 In particular, as illustrated in Fig. 30a, when a downward tensile longitudinal force is 
initially applied to the lower mandrel 61 0 relative to cone mandrel 588. the lower mandrel, the locking 
dog retainer sleeve 614. and the locking ring retainer 618 are displaced downwardly relative to the cone 
mandrel 588 when the applied tensile force is sufficient to release the locking ring 620 from 
engagement with the lock ring ffooye 588d. As illustrated in Fig. 30b. if the applied tensile force is 
sufficient to release the locking ring 620 from engagement with the lock ring groove 588d. the lower 

34 



wo 03/042487 PCT/USil2/36267 

mandrel 610. the locking dog retainer sleeve 614, and the locking ring retainer 618 are displaced 
downwardly relative to the cone mandrel 588 thereby displacing the annular recess 614a of the locking 
dog retainer sleeve downwardly relative to the locking dogs 616. As a result, the locking dogs 616 are 
released from engagement with the locking dog grooves 588h of the cone mandrel 588 thereby 
permitting the lower cone segments 602, the lower cam 604, and the lower cone retainer 606 to be 
displaced downwardly relative to the cone mandrel 588. 

(01691 As illustrated in Fig. 30c, fiirther downward displacement of the lower mandrel 610 then 
causes the torsion locking pin 612 to engage and displace tlie release housing 608 downwardly relative 
to the cone mandrel 588 thereby displacing the locking dogs 616, the lower cone reteiner 606, the lower 
cam 604, and the lower cam segments 602 downwardly relative to the cone mandrel. As a result, the 
lower cone segments 602 and the lower cam 604 are displaced downwardly out of axial alignment with 
the upper cam 598 and the upper cam segments 600 thereby collapsing the segmented expansion cone. 
Furthermore, the downward displacement of the locking dog re^^ 

locking ring retainer 618 and the locking ring 620 downwardly relative to the cone mandrel 588 thereby 
relocating the locking ring from the lock ring groove 588d to the lock ring groove 588e. In this manner, 
the now position of the lower cone segments 602 and the lower cam 604 are thereby releasably fixed 
relative to the cam mandrel 588 by the locking ring 620. 

(0170] The operations of Figs. 30a:30c may be reversed, and the segmented expansion cone may 
again be expanded, by applying a upward compressive force to the lower mandrel 610. If the 
compressive force is sufficient, the locking ring 620 will be released from engagement with the lock 
ring groove 588e, thereby permitting the lower mandrel 610 and the locking dog retainer 614 to be 
displaced upwardly relative to the cone mandrel 588. As a result, the locking dog retainer 614 will 
engage and displace the locking dogs 616, the lower cam 604, the lower cone segments 602, the lower 
cone retainer 606, and the release housing 608 upwardly relative to the cone mandrel 588 thereby 
bringing the upper cam 598 and the upper cone segments 600 back into axial aligmnent with the lower 
cone segments 602 and the lower cam 604. As a result, the segmented expansion cone is once again 
expanded. Once the segmented cone has been fully expanded, the locking dogs 616 will once again be 
positioned in alignment with the locking dog grooves 588h of the cone mandrel 588 and will thereby 
once again engage the locking dog grooves. The continued upward displacement of the lower mandrel 
610 relative to cone mandrel 588 will thereby also upwardly displace the locking dog retainer 614 
upwardly relative to the cone mandrel thereby once again caphiring and restraining the locking dogs 
616 within the annular recess 614a of the locking dog retainer. As a result, the new expansion position 
of the lower cone segments 602 and the lower cam 604 relative to the cone mandrel 588 will be 
releasably locked by the locking dogs 616. Furthermore, the locking ring 620 will also be relocated 
from engagement with the lock ring groove 588e to engagement with the lock ring groove 588d to 
thereby releasably lock the expanded segmented cone in the expanded position. 
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10171) Referring to Figs. 3 1 a-3 1 n, the continued injection of the fluidic material 702 into the 
apparatus 400 continues to pressurize the piston chambers 706, 708, and 710 thereby further displacitjg 
the pistons upwardly 526, 530, and 536 upwardly relative to the support member 402. Because the 
engagement of the locking dogs 656 with die lower end of die casing 470 prevents float valve 654 from 
entering the casing, the continued upward displacement of die pistons 526, 530. and 536 relative to the 
support member 402 causes die bypass valve operating probe 626 to be displaced upwardly relative to 
die support member thereby disengaging the bypass valve operating probe from die probe guide 642, 
and also causes die sealing sleeve expansion cone 630 to be displaced upwardly relative to the 
expandable sealing sleeve 636 thereby radially expanding and plastically defonning die sealing sleeve 
636 and the elastomeric coating 640 into sealing engagement widi the interior surface of the lower end 
of die casing 470. As a result, die lower end of the casing 470 is fluidicly sealed by the combination of 
the sealing engagement of the sealing sleeve 636 and elastomeric coating 640 with die interior surface 
of the lower end of die casing and die positioning the dart 704 widiin the passage 646a of the lower 
mandrel 646. 

101721 Continued injection of the fluidic material 702 into die apparatus 400 continues to 
pressurize the piston chambers 706, 708, and 710 until tlie pistons 536. 530 and 536 are displaced 
upwardly relative to die casing 470 to dieir maximum upward position relative to die support member 
402. As a result, the dart ball guide 524 impacts die positive casing lock mandrel 478 widi sufficient 
force to shear die shear pins. 428a and 428b, diereby decoupling tiie positive casing lock mandrel 478 
from die casing lock barrel adaptor 474. The positive casing lock mandrel 478 is dien displaced 
upwardly relative to the support member 402 which in turn displaces die positive casing lock releasing 
mandrel 476 upwardly relative to die positive casing locking dogs 464. As a result, die internal flanges, 
464a and 464b. of the positive casing locking dogs are relocated into engagement with the annular 
recesses! 476c and 476d. respectively, of die positive casing lock releasing mandrel 476. The positive 
casing lock casing collar 466 is thereby released from engagement with the positive casing locking dogs 
464 diereby releasing die casings 468 and 470 from engagement with die support member 402. As a 
result, die positions of the casings, 468 and 470. are no longer fixed relative to die support member 402. 
[0173] Referring to Figs. 32a-32k, the injection of die fluidic material 702 is stopped and die 
support member 402 is then lowered into die wellbore 700 until the float valve assembly 654 impacts 
the bottom of die wellbore. The support member 402 is dien further lowered into die wellbore 700, 
with the float valve assembly 654 resting on the bottom of the wellbore, until die bypass valve 
operating probe 626 impacts and displaces the bypass valve 644 downwardly relative to die bypass 
valve body 638 to fluidicly couple die passages. 638a and 644b. and die passages. 638b and 644c, and 
until sufficient upward compressive force has been applied to the lower mandrel 610 to re-expand tiie 
segmented expansion cone provided by die cone segments. 600 and 602. In an exemplary 
embodiment, die collet locking member 644d of the bypass valve 644 will also engage an end of the 
bypass valve operating probe 626. 
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(0174) In an exemplary embodiment, the support member 402 is lowered downwardly into the 
wellbore 700 such that sufficient upward compressive force is applied to the lower mandrel 610 to 
release the locking ring 620 from engagement with the lock ring groove 588e. thereby permitting the 
lower mandrel 610 and tlie locking dog retainer 614 to be displaced upwardly relative to the cone 
mandrel 588. As a result, the locking dog retainer 614 will engage and displace tlie locking dogs 616, 
the lower cam 604, the lower cone segments 602, the lower cone retainer 606, and the release housing 
608 upwardly relative to the cone mandrel 588 thereby bringing the upper cam 598 and die upper cone 
segments 600 back into axial aligmnent with the lower cone segments 602 and the lower cam 604. As a 
result, the segmented expansion cone is once again expanded. Once the segmented cone has been folly 
expanded, the locking dogs 616 will once again be positioned in alignment with the locking dog 
grooves 588h of the cone mandrel 588 and will thereby once again engage the locking dog grooves. 
n,e continued upward displacement of tlie lower mandrel 610 relative to cone mandrel 588 will thereby 
also upwardly displace the locking dog retainer 614 upwardly relative to the cone mandrel thereby once 
again capturing and restraining the locking dogs 616 within the annular recess 6I4a of the locking dog 
retainer. As a result, the new expansion position of the lower cone segments 602 and Uie lower cam 
604 relative to the cone mandrel 588 will be releasably locked by the locking dogs 616. Furthermore, 
the locking ring 620 will also be relocated from engagement with the lock ring groove 588e to 
engagement with the lock ring groove 588d to thereby releasably lock the expanded segmented cone in 
the expanded position. 

I0175J A haidenable fluidic sealing material 712 may then be injected into the apparatus 400 . 
through the passages 402a. 404a, 406a, 454a, 450a, 456a. 458a, 476a, 478a, 522a, 526a. 529a. 530a. 
534a. 536a, 544a, 554a, 566a, 588a, 622a. 610a. 626a, 638a, 638b, 644b, and 644c, and out of tlie 
apparatus through the circumferential gaps defined between the cireumferentially spaced apart locking 
dogs 656 into the araiulus between the casings 468 and 470 and the wellbore 700. In an exemplary 
embodimeht, the hardenable fluidic sealing material 712 is a cement suitable for well construction. The 
hardenable fluidic sealing material 712 may tiien be allowed to cure before or after the further radial 
expansion and plastic deformation of the casings 468 and/or 470. 

101761 Referring to Figs. 33a-33p, after completing the injection of the fluidic material 712. the 
support member 402 is then lifted upwardly thereby displacing the bypass valve operating probe 626 
and the bypass valve 644 upwardly to fluidicly decouple die passages. 638a and 644b and 638b and 
644c, until the collet locking member 644d of the bypass valve is decoupled from the bypass valve 
operating probe. The support member 402 is then farther lifted upwardly until the segmented 
expansion cone, provided by the interleaved and axially aligned cone segments, 600 and 602, impacts 
the transition between the expanded and unexpanded sectioms of the casing 470. A fluidic material 714 
is then injected into the apparatus 400 througli the passages 402a. 404a, 406a. 454a, 450a. 456a, 458a, 
476a, 478a, 484a, 524a. 522a, 526a. 529a, 530a, 534a. 536a, 544a, 554a. 566a. 588a. 622c, 610a. and 
626a thereby pressurizing the interior portion of the casing 470 below the packer cups. 572 and 582. In 
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particular, the packer cups, 572 and 582, engage the interior surface of the casings 468 and/or 470 and 
thereby provide a dynamic movable fluidic seal. As a result, the pressure differential across the packer 
cups. 572 and 582, causes an upward tensile force that pulls the segmented expansion cone provided by 
the axially aligned and interleaved cone segments, 600 and 602, to be pulled upwardly out of the 
casings 468 and/or 407 by the packer cups thereby radially expanding and plastically deforming the 
casings. Furthermore, tlie lack of a fluid tight seal between tlie cone segments, 572 and 582, and the 
casings 468 and/or 470 permits the fluidic material 714 to lubricate the interface between the cone 
segments and the casings during the radial expansion and plastic deformations of the casings by the 
cone segments. In an exemplaiy embodiment, during the radial expansion and plastic deformation of 
the wellboi* casings 468 and/or 470, the support member 402 is lifted upwardly out of the wellbore 
700. In several alternative embodiments, the casings 468 and/or 470 are radially expanded and 
plastically deformed into engagement with at least a portion of the interior surface of the wellbore 700. 
[01771 Referring to Figs. 34a-34l, in an exemplary embodiment, a preexisting wellbore casing 716 
is coupled to, or otherwise support by or within, the wellbore 700. In an exemplary embodiment, 
during the radial expansion and plastic deformation of tlie portion of the casing 468 and/or 470 that 
overlaps with the preexisting casing 716, during the continued injection of the fluidic material 714, the 
bypass valve body 41 2 is shifted downwardly relative to the gripper upper mandrel 406 tliereby 
fluidicly coupling the casing gripper hydraulic ports, 406f and 406h. As a result, the interior passages, 
428a and 440a, of the gripper bodies, 428 and 440, are pressurized thereby displacing the hydraulic slip 
pistons, 432a^32j and 442a-442j. radially outward into engagement with the interior surface of the 
preexi^ing wellbore casing 716. After the hydraulic slip pistons. 432a-432j and 442a-442j. engage the 
preexisting wellbore casing 716. the continued injection of the fluidic material 714 causes the 
segmented expansion cone including the a.xially aligned and interleaved cone segments, 600 and 602. to 
be pulled through the overlapping portions of the casings 468 and/or 470 and the preexisting wellbore 
casing by the upward displacement of the pistons, 526, 530, and 536, relative to the preexisting 
wellbore casing. In this manner, the overlapping portions of the casings 468 and/or 470 and the 
preexisting wellbore casing 716 are simultaneously radially expanded and plastically deformed by the 
upward displacement of the segmented expansion cone including the axially aligned and interleaved 
cone segments, 600 and 602. In several alternative embodiments, the hydraulic slip pistons, 432a-432j 
and 442a-442j. are displaced radially outward into engagement with the interior surface of the casings 
468 and/or 470 and/or the preexisting wellbore casing 716. 

101781 In an exemplary embodiment, the bypass valve body 412 is shifted downwardly relative to 
the gripper upper mandrel 406 by lowering the casing gripper locking dogs, 424a and 424b, using the 
support member 402 to a position betow the unexpanded portions of the casings 468 and/or 470 into the 
radially expanded and plastically deformed portions of the casings. The ends of the casing gripper 
locking dogs, 424a and 424b, may then pivot outwardly out of engagement with the outer annular 
recess 406d of the gripper upper mandrel 406 and then are displaced downwardly relative to the gripper 
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upper mandrel, along with the bypass valve body 412. due to the downward longitudinal force provided 
by the compressed spring 418. As a result, the bypass valve body 412 is placed in the neutral position 
illustrated in Fig. 25h. The casing gripper locking dogs. 424a and 424b, are then displaced upwardly 
relative to the casing gripper upper mandrel 406 using the support member 402 thereby impacting the 
casing gripper locking dogs with the interior diameter of the unexpanded portion of the casings 468 
and/or 470. As a result, the casing gripper locking dogs, 424a and 424b. are displaced downwardly, 
along with the bypass valve body 412. rebtive to the casing gripper upper mandrel 406 until the ends of 
the casing gripper locking dogs pivot radUlly inwardly into engagement with the outer annular recess 
406e of the casing gripper upper mandrel thereby positioning the bypass valve body in an active 
position, as Blustrated in Fig. 34a. in which the casing gripper hydraulic ports. 406f and 406h. are 
fluidicly coupled. 

[0179) In an alternative embodiment, the bypass valve body 4 12 is shifted downwardly relative to 
tlie gripper upper mandrel 406 by raising the casing gripper locking dogs, 424a and 424b, to a position 
above the casing 468 using the support member 402 thereby permitting the ends of the casing gripper 
locking dogs to pivot radially outward out of engagement with die outer annular recess 406d of the 
gripper upper mandrel 406. Tlie ends of the casing gripper locking dogs, 424a and 424b, are then 
displaced downwardly relative to the gripper upper mandrel, along with tfie bypass valve body 412. due 
to the downward longitudinal force provided by the compressed spring 418, into engagement with the 
outer annular recess 406e of the casing gripper upper mandrel thereby positioning the bypass valve 
body in an active position, as illustrated in Fig. 34a, in which the casing gripper hydraulic ports, 406f 
and 406h, are fluidicly coupled. 

[01801 In an exemplary embodiment, the process of pulling the segmented expansion cone 
provided by pulling the interleaved and axially aligned cone segments, 600 and 602, upwardly through 
the overlapping portions of the casings 468 and/or 470 and the preexisting wellbore casing 716 is 
repeated by repeatedly stroking the pistons. 526, 530, and 536, upwardly by repeatedly a) injecting the 
fluidic material 714 to pressurize the apparatus 400 thereby displacing the segmented expansion cone 
upwardly, b) depressurizing the apparatus by halting the injection of the fluidic material, and then c) 
lifting the elements of the apparatus upwardly using the support member 402 in order to property 
position tlie pistons for another upward stroke. 

[0181] Referring to Figs. 35a-351. in an exemplary embodiment, during the operation of the 
apparatus 400, the segmented expansion cone provided by the interleaved and axially aligned cone 
segments, 600 and 602, may be collapsed thereby moving the cone segments out of axial alignment by 
injecting a ball plug 7 1 8 into the apparatus using the injected fluidic material 714 through tfie passages 
402a. 404a, 406a, 454a, 450a. 456a, 458a, 476a. 484a. 522a. 529a. 534a. 544a. 554a, 566a, and 588a 
into scaling engagement with the end of the emergency releasing sleeve 622. The continued injection 
of the fluidic material 714 following the sealing engagement of the ball plug 718 with the end of the 
emergency releasing sleeve 622 will apply a downwaixl longitudinal tensile force to die lower mandrel 
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610. As a result, as illustrated and described above with reference to Fig. 30a, when the downward 
tensile longitudinal force is initially applied to the lower mandrel 610 relative to cone mandrel 588, the 
lower mandrel, the locking dog retainer sleeve 614, and the locking ring retainer 618 are displaced 
downwardly relative to the cone mandrel 588 when the applied tensile force is sufficient to release the 
locking ring 620 from engagement with the lock ring groove 588d. As illustrated In Fig. 30b. if the 
applied downward tensile longitudinal force is sufficient to release the locking ring 620 from 

engagement with the lock ring groove 588d. the lower mandrel 610. the locking dog retainer sleeve 
614. and the locking ring retainer 61 8 are displaced downwardly relative to the cone mandrel 588 
thereby displacing the annular recess 614a of the locking dog retainer sleeve downwardly relative to the 
locking dogs 616. As a result, the locking dogs 616 are released from engagement with the locking dog 
grooves 588h of the cone mandrel 588 thereby permitting the lower cone segments 602. the lower cam 
604.andthelowerconeretainer606tobedisplaceddownwanJlyrelativetotheconemandrel 588. 
10182] AsillustrateainFig.30c.furtherdownwarddisplacerr,entofthelowermandrel610then 
causes the torsion locking pin 612 to engage and displace the release housing 608 downwardly relative 
to the cone mandrel 588 thereby displacing the locking dogs 6 1 6, the lower cone retainer 606, the lower 
cam 604, and the lower cam segments 602 downwardly relative to the cone mandrel. As a result, the 
lower cone segments 602 and the lower cam 604 are displaced downwardly out of axial alignment with 
tl,e upper cam 598 and the upper cam segments 600 thereby collapsing the segmented expansion cone. 
Furthermore, the downward displacement of the locking dog retainer sleeve 614 also displaced the 
locking ring retainer 618 and tlie locking ring 620 downwardly relative to the cone mandrel 588 thereby 
relocating the locking ring from the lock ring groove 588d to the lock rmg groove 588e. In this manner, 
the now position of the lower cone segments 602 and the lower cam 604 are thereby releasably fixed 
relative to the cam mandrel 588 by Uie locking ring 620. 

(01831 Referring now to Fig. 36a, an exemplary embodiment of the operation of the pressure 
balance piston 624 during an exemplary embodiment of the operation of the apparatus 400 will now be 
described. In particular, after the dart 704 is positioned and seated in the passage 646a of the lower 
mandrel 646. the operating pressure within the passage 622c will increase. As a result, the operating 
pressure within the passages 622a will increase thereby increasing the operating pressures wiU,in the 
passages. 588f and 588g, of the cone mandrel 588, and within an annulus 720 defined between the cone 
mandrel 588 and lower mandrel 610. The operating pressure within the araiulus 720 acts upon an end 
face of the pressure balance piston 624 thereby applying a downward longitudinal foree to the cone 
mandrel 588. As a result, the cone mandrel 588 and the locking dog retainer sleeve 614 could 
inadvertently be displaced away from each other in opposite directions during the pressurization of the 
interior passages of the apparatus 400 caused by the placement of the dart 704 in the passage 646a of 
the lower mandrel 646 thereby potentially collapsing the segmented expansion cone including the 
interleaved and axially aligned cone segments. 600 and 602. Thus, the pressure balance piston 624. in 

an exemplary embodiment, neutralizes the potential effects of the pressurization of the interior passages 
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of the apparatus 400 caused by the placement of the dart 704 in the passage 646a of the lower mandrel 
646. 

10184) Referring now to Fig. 36b, an exemplary embodiment of the operation of the pressure 
balance piston 624 during another exemplary embodiment of the operation of the apparatus 400 will 
now be described. In particular, during the placement of the ball 718 whhin the passage 622c of the 
releasing sleeve 622, the! interior passages of the apparatus 400 upstream from the ball are pressurized. 
However, since the ball 718 blocks the passage 622c, the passage 622a is not pressurized. As a result, 
the pressure balance piston 624 does not apply a downward longitudinal force to the cone mandrel 588. 
As a result, the pressure balance piston 624 does not interfere with the collapse of the segmented 
expansion cone including the interleaved and axially aligned cone segments, 600 and 602, caused by 
the placement of the ball 718 within the mouth of the passage 622c of the release sleeve 622. 
101851 An apparatus for radially expanding and plastically deforming an expandable tubular 
member has been destribed that includes a float shoe adapted to mate with an end of the expandable 
tubular member, an adjustable expansion mandrel coupled to the float shoe adapted to be controllably 
expanded to a larger outside dimension for radial expansion of the expandable tubular member or 
collapsed to a smaller outside dimension, an actuator coupled to tiie adjustable expansion mandrel 
adapted to controllably displace the adjustable expansion mandrel relative to the expandable tubular 
member, a locking device coupled to the actuator adapted to controllably engage the expandable tubular 
member, and a support iheniber coupled to the locking device. 

10186] A method for radially expanding and plastically deforming an expandable tubular member 
within a borehole has been described that includes positioning an adjustable expansion mandrel within 
the expandable tubular member, supporting the expandable tubular member and the adjustable 
expansion mandrel within the borehole, lowering the adjustable expansion mandrel out of the 
expandable tubular member, increasing the outside dimension of the adjustable expansion mandrel, and 
displacing the adjustable expansion mandrel upwardly relative to the expandable tubular member n 
times to radially expand and plastically deform n portions of the expandable tubular member. 
101871 A method for forming a mono diameter wellbore casing has been described that includes 
positioning an adjustable expansion mandrel within a first expandable tubular member, supporting the 
first expandable tubular member and the adjustable expansion mandrel within a borehole, lowering the 
adjustable expansion mandrel out of the first expandable tubular member, increasing the outside 
dimension of the adjustable expansion mandrel, disphcing tfie adjustable expansion mandrel upwardly 
relative to the first expandable tubular member m times to radially expand and plastically deform m 
portions of the first expandable tubular member within the borehole, positioning the adjustable 
expansion mandrel within a second expandable tubular member, supporting the second expandable 
tubular member and the adjustable expansion mandrel within the borehole in overlapping relation to the 
first expandable tubular member, lowering the adjustable expansion mandrel out of the second 
expandable tubular member, increasing the outside dimension of the adjustable expansion mandrel, and 
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displacing the adjustable expansion mandrel upwardly relative to the second expandable tubular 
member n times to radially expand and plastically deform n portions of the second expandable tubular 
member within the borehole. 

[0188] An apparatus for radially expanding and plastically deforming an expandable tubular 
member has been described that includes a float shoe adapted to mate with an end of tlie expandable 
tubular member, an adjustable expansion mandrel coupled to the float shoe adapted to be controllably 
expanded to a larger outside dimension for radial expansion of the expandable tubular member or 
collapsed to a smaller outside dimension, an actuator coupled to the adjustable expansion mandrel 
adapted to controllably displace the adjustable expansion mandrel relative to the expandable tubular 
member, a locking device coupled to the actuator adapted to controllably engage the expandable tubular 
member, a support member coupled to the locking device, and a sealing member for sealingly engaging 
the expandable tubular member adapted to define a pressure chamber above the adjustable expansion 
mandrel during radial expansion of the expandable tubular member. 

101891 A method for radially expanding and plastically deforming an expandable tubular member 
within a borehole has been described that includes positioning an adjustable expansion mandrel within 
the expandable tubular member, supporting the expandable tubular member and the adjustable 
expansion mandrel within the borehole, lowering the adjustable expansion mandrel out of the 
expandable tubular member, increasing the outside dimension of the adjustable expansion mandrel, 
displacing the adjustable expansion mandrel upwardly relative to the expandable tubular member n 
times to radially expand and plastically deform n portions of the expandable tubular member within the 
borehole, and pressurizing an interior region of the expandable tubular member above the adjustable 
expansion mandrel during the radial expansion and plastic deformation of the expandable tubular 
member within the borehole. 

101901 A method for forming a mono diameter wellbore casing has been described that includes 
positioning an adjustable expansion mandrel within a first expandable tubular member, supporting the 
first expandable tubular member and the adjustable expansion mandrel within a borehole, lowering the 
adjustable expansion mandrel out of the first expandable tubular member, increasing the outside 
dimension of the adjustable expansion mandrel, displacing the adjustable expansion mandrel upwardly 
relative to the fu^t expandable tubular member m times to radially expand and plastically deform m 
portions of the first expandable tubular member within the borehole, pressurizing an interior region of 
the first expandable tubular member above the adjustable expansion mandrel during the radial 
expansion and plastic deformation of the first expandable tubular member within the borehole, 
positioning the adjustable expansion mandrel within a second expandable tubular member, supporting 
the second expandable tubular member and the adjustable expansion mandrel within the borehole in 
overiapping relation to the first expandable tubular member, lowering the adjustable expansion mandrel 
out of the second expandable tubular member, increasing the outside dimension of the adjustable 
expansion mandrel, displacing the adjustable expansion mandrel upwardly relative to the second 
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expandable tubular member n times to radially expand and plastically deform n portions of the second 
expandable tubular member within the borehole, and pressurizing an interior region of the second 
expandable tubular member above the adjustable expansion mandrel during the radial expansion and 
plastic deformation of the second expandable tubular member within the borehole. 
[01911 An apparatus for drilling a borehole within a subterranean formation and then radially 
expanding and plastically deforming an expandable tubular member within the drilled borehole has 
been described tiiat includes a float shoe adapted to mate with an end of the expandable tubular 
member, a drilling member coupled to the float shoe adapted to drill the borehole, an adjustable 
expansion mandrel coupled to the float shoe adapted to be controllably expanded to a larger outside 
dimension for radial expansion of the expandable tubular member or collapsed to a smaller outside 
dimension, an actuator coupled to the adjustable expansion mandrel adapted to controllably displace the 
adjustable expansion mandrel relative to the expandable tubular member, a locking device coupled to 
- the actuator adapted to controllably engage the expandable tubular member, and a support member 
coupled to the locking device. 

[0192] A method for drilling a borehole within a subterranean formation and then radially 
expanding and plastically deforming an expandable tubular member within the drilled borehole has 
been described that includes positioning an adjustable e.xpansion mandrel within the expandable tubular 
member, coupling a drilling member to an end of the expandable tubular member, drilling the borehole 
using flie drilling member, positioning the adjustable e:q)ansion mandrel and the expandable tubular 
member within the drilled borehole, lowering the adjustable expansion inandrel out of the expandable 
tubular member. Increasing the outside dimension of the adjustable expansion mandrel, and displacing 
the adjustable expansion mandrel upwardly relative to the expandable tubular member n times to 
radially expand and plastically deform n portions of the expandable tubular member within the drilled 
borehole. 

[01931 A method for forming a mono diameter wellbore casing within a borehole has been 
described that includes positioning an adjustable expansion mandrel within a first expandable tubular 
member, coupling a drilling member to an end of the first expandable tubular member, drilling a first 
section of the borehole using the drilling member, supporting the first expandable tubular member and 
the adjustable expansion mandrel within the drilled first section of the borehole, lowering the adjustable 
expansion mandrel out of the first expandable tubular member, increasing the outside dimension of the 
adjustable expansion mandrel, displacing the adjustable expansion mandrel upwardly relative to the 
first expandable tubular member m times to radially expand and plastically deform m portions of the 
firet expandable tubular member within the drilled first section of the borehole, positioning the 
adjustable expansion mandrel within a second expandable tubular member, coupling the drilling 
member to an end of the second expandable tubular member, drilling a second section of the borehole 
using the drilling member, supporting the second expandable tubular member and the adjustable 
expansion mandrel within the borehole in overlapping relation to the first expandable tubular member 
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within the second drilled section of the borehole, lowering the adjustable expansion mandrel out of the 
second expandable tubular member, increasing the outside dimension of the adjustable expansion 
mandrel, and displacing the adjustable expansion mandrel upwardly relative to the second expandable 
tubular member n times to radially expand and plastically deform n portions of the second expandable 
tubular member within tfie drilled second section of the borehole. 

[0194) An apparatus for drilling a borehole within a subtwranean formation and tlien radially 
expanding and plastically deforming an expandable tubular member within the drilled borehole has 
been described that includes a float shoe adapted to mate with an end of the expandable tubular 
member, a drilling member coupled to the float shoe adapted to drill the borehole, an adjustable 
expansion mandrel coupled to the float shoe adapted to be controllably expanded to a larger outside 
dimension for radial expansion of the expandable tubular member or collapsed to a smaller outside 
dimension, an actuator coupled to the adjustable expansion mandrel adapted to controllably displace the 
adjustable expansion mandrel relative to the expandable tubular member, a locking device coupled to 
the actuator adapted to controllably engage the expandable tubular member, a support member coupled 
to the locking device, and a sealing member for sealing engaging the expandable tubular member 
adapted to define a pressure chamber above the adjustable expansion mandrel during the radial 
expansion of the expandable tubular member. 

[0195] A metliod for drilling a boi«hole wifliin a subterranean fonnation and then radially 
expanding and plastically deforming an expandable tubular member within the drilled borehole has 
been described that ihdudes positioning an adjustable expansion mandrel within the expandable tubular 
member, coupling a drilling member to an end of the expandable tubular member, drilling the borehole 
using the drilling member, positioning the adjustable expansion mandrel and the expandable tubular 
member within the drilled borehole, lowering the adjustable expansion mandrel out of the expandable 
tubular member, increasing the outside dimension of the adjustable expansion mandrel, displacing the 
adjustable expansion mandrel upwardly relative to the expandable tubular member n times to radially 
expand and plastically deform n portions of the expandable tubular member within the drilled borehole, 
and pressuring an interior portion of the expandable tubular member above the adjustable expansion 
mandrel during the radial expansion and plastic deformation of the expandable tubular member within 
the drilled borehole. 

(01961 A method for forming a mono diameter wellbore casing within a borehole has been 
described that includes positioning an adjustable expansion mandrel within a first expandable tubular 
member, coupling a drilling member to an end of the first expandable tubular member, drilling a first 
section of the borehole using the drilling member, supporting the first expandable tubular member and 
the adjustable expansion mandrel within the drilled first section of the borehole, lowering the adjustable 
expansion mandrel out of the first expandable tubular member, increasing the outside dimension of the 
adjustable expansion mandrel, displacing the adjustable expansion mandrel upwardly relative to the 
first expandable tubular member m times to radially expand and plastically deform m portions of the 
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first expandable tubular member within the drilled first section of the borehole, pressuring an interior 
portion of the first expandable tubular member above the adjustable expansion mandrel during the 
radial expansion and plastic deformation of the first expandable tubular member within the first drilled 
section of the borehole, positioning the adjustable expansion mandrel within a second expandable 
tubular member, coupling the drilling member to an end of the second expandable tubular member, 
drilling a second section of the borehole using the drilling member, supporting the secondcxpandable 
tubular member and the adjustable expansion mandrel within the borehole in overlapping relation to the 
first expandable tubular member within the second drilled section of the borehole, lowering the 
adjustable expansion mandrel out of the second expandable tubular member, increasing the outside 
dimension of the adjustable expansion mandrel, displacing the adjustable expansion mandrel upwardly 
relative to the second expandable tubular member n times to radially expand and plastically deform n 
portions of the second expandable tubular member within the drilled second section of the borehole, 
and pressuring an interior portion of the second expandable tubular member above the adjustable : • 
expansion mandrel during the radial expansion and plastic deformation of the second expandable 
tubular member within the drilled second section of the borehole. 

10197] An apparatus for radially expanding and plastically deforming an expandable tubular 
member has been described that includes a float shoe adapted to mate with an end of die expandable 
tubular member, a first adjustable expansion mandrel coupled to the float shoe adapted to be 
controllably expanded to a firet larger outside dimension for radiil cxpimsion of the expandabife tubular 
member or collapsed to a first smaller outside dimension, a second adjustable expaiusion mandrel 
coupled to tfte first adjustable cxpamsion mandrel adapted to be controllably expanded to a second 
larger outside dimension for radial expansion of the expandable tubular member or collapsed to a 
second smaller outside dimension, an actuator coupled to the first and second adjustable expansion 
mandrels adapted to controllably displace the first and second adjustable expansion mandrels relative to 
the expandable tubular member, a locking device coupled to the actuator adapted to controllably engage 
the expandable tubular member, and a support member coupled to the locking device. The first larger 
outside dimension of the first adjustable expansion mandrel is larger than the second larger outside 
dimension of the second adjustable expansion mandrel. 

(01981 A method for radially expanding and plastically deforming an expandable tubular member 
within a borehole has been described that includes positioning first and second adjustable expansion 
mandrels within the expandable tubular member, supporting the expandable tubular member and the 
first and second adjustable expansion mandrels within the borehole, lowering the first adjustable 
expansion mandrel out of the expandable tubular member, increasing the outside dimension of the first 
adjustable expansion mandrel, displacing the first adjustable expansion mandrel upwardly relative to 
the expandable tubular member to radially expand and plastically deform a lower portion of the 
expandable tubular member, displacing the first adjustable expansion mandrel and the second 
adjustable expansion mandrel downwardly relative to the expandable tubular member, decreasing the 
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outside dimension of the first adjustable expansion mandrel and increasing the outside dimension of the 
second adjustable expansion mandrel, and displacing the second adjustable expansion mandrel 
upwardly relative to the expandable tubular member to radially expand and plastically deform portions 
of the expandable tubular member above the lower portion of the expandable tubular member. The 
outside dimension of the first adjustable expansion mandrel is greater than the outside dimension of the 
second adjustable expansion mandrel. 

101991 A method for forming a mono diameter wellbore casing has been described that includes 
positioning first and second adjustable expansion mandrels within a first expandable tubular member, 
supporting the first expandable tubular member and the first and second adjustable expansion mandrels 
within a iLhole, lowering the first adjustable expansion mandrel out of the first expandable tubular 
member, increasing the outside dimension of the first adjustable expansion mandrel, displacing the first 
adjustable expansion mandrel upwardly relative to the first expandable tubular member to radially 
expand and plastically deform a loWer portibn of the first expandable tubular member, displacing the 
first adjustable expansion mandrel and the second adjustable expansion mandrel downwardly relative to 
the first expandable tubular member, decreasing the outside dimension of the first adjustable expansion 
mandrel and increasing the outside dimension of the second adjustable expansion mandrel, displacing 
the second adjustable expansion mandrel upwardly relative to the first expandable tubular member to 
radially expand and plastically deform portions of tfie first expandable tubular member above the lower 
portion of the expandable tubular member, positioning fir^ and second adjustable expansion mandrels 
within a second expandable tubular member, supporting the first expandable tubular member and the 
first and second adjustable expansion mandrels within the borehole in overlapping relation to the first 
expandable tubular member, lowering the first adjustable expansion mandrel out of the second 
expandable tubular member, increasing the outside dimension of the first adjustable expansion mandrel, 
displacing the first adjustable expansion mandrel upwardly relative to the second expandable tubular 
member to radially expand and plastically deform a lower portion of the second expandable tubular 
member, displacing the first adjustable expansion mandrel and the second adjustable expansion mandrel 
downwarfly .elative to the second expandable tubular member, decreasing the outside dimension of the 
first adjustable expansion mandrel and increasing the outside dimension of the second adjustable 
expansion mandrel, and displacing the second adjustable expansion mandrel upwardly relative to the 
second expandable tubular member to radially expand and plastically deform portions of the second 
expandable tubular member above the lower portion of the second expandable tubular member. The 
outside dimension of the first adjustable expansion mandrel is greater than the outside dimension of the 
second adjustable expansion mandrel. 

(02001 An apparatus for radially expanding and plastically deforming an expandable tubular 
member has been described that includes a float shoe adapted to mate with an end of the expandable 
tubular member, a first adjustable expansion mandrel coupled to the float shoe adapted to be 
controllably expanded to a first larger outside dimension for radial expansion of the expandable tubular 
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member or collapsed to a first smaller outside dimension, a second adjustable expansion mandrel 
coupled to the first adjustable expansion mandrel adapted to be controllably expanded to a second 
larger outside dimension for radial expansion of die expandable tubular member or collapsed to a 
second smaller outside dimension, an actuator coupled to the first and second adjustable expansion 
mandrels adapted to controllably displace the first and second adjustable expansion mandrels relative to 
the expandable tubular member, a locking device coupled to the actuator adapted to controllably engage 
the expandable tubular member, a support member coupled to the locking device, and a sealing member 
for sealingly engaging the expandable tubular adapted to define a pressure chamber above the first and 
second adjustable expansion mandrels during the radial expansion of the expandable tubular member. 
The first larger outside dimension of the first adjustable expansion mandrel is larger than the second 
larger outside dimension of the second adjustable expansion mandrel. 

(02011 A method for radially expanding and plastically deforming an expandable tubular member 
within a borehole has been described that includes positioning first and second adjustable expansion 
mandrels within die expandable tubular member, supportmg the expandable tubular member and the 
first and second adjustable expansion mandrels within the borehole, lowering the first adjustable 
expansion mandrel out of the expandable tubular member, increasing the outside dimension of the first 
adjustable expansion mandrel, displacing the first adjustable expansion mandrel upwardly relative to 
the expandable tubular member to radially expand and plastically deform a lower portion of the 
expandable tubulir member, pressurizing an interior region of the expandable tubular member above 
tlie first adjustable expansion mandrel during the radial expansion of the lower portion of the 
expandable tubular member by the first adjustable expansion mandrel, displacing the first adjustable 
expansion mandrel and the second adjustable expansion mandrel downwardly relative to the 
expandable tubular member, decreasing the outside dimension of the first adjustable expansion mandrel 
and increasing the outside dimension of the second adjustable expansion mandrel, displacing the second 
adjustable expansion mandrel upwardly relative to tlie expandable tubular member to radially expand 
and plastically deform portions of the expandable tubular member above the lower portion of the 
expandable tubular member, and pressurizing an interior region of the expandable tubular member 
above the second adjustable expansion mandrel during the radial expansion of the portions of the 
expandable tubular member above the lower portion of tiie expandable tubular member by the second 
adjustable expansion mandrel. The outside dimension of the first adjustable expansion mandrel is 
greater than the outside dimension of the second adjustable expansion mandrel. 
102021 A method for forming a mono diameter wellbore casing has been described that includes 
positioning first and second adjustable expansion mandrels within a first expandable tubular member, 
supporting the first expandable tubular member and the first and second adjustable expansion mandrels 
within a borehole, lowering the first adjustable expansion mandrel out of the first expandable tubular 
member, increasing the outside dimensioh of the first adjustable expansion mandrel, displacing the first 
adjustable expansion mandrel upwardly relative to the first expandable tubular member to radially 
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expand and plastically deform a lower portion of the first expandable tubular member, pressurizing an 
interior region of the first expandable tubular member above the first adjustable expansion mandrel 
during the radial expansion of the lower portion of the first expandable tubular member by the first 
adjustable expansion mandrel, displacing the first adjustable expansion mandrel and the second 
adjustable expansion mandrel downwardly relative to the first expandable tubular member, decreasing 
the outside dimension of the first adjustable expansion inandrel and increasing the outside dimension of 
the second adjustable expansion mandrel, displacing the second adjustable expansion mandrel upwardly 
relative to the first expandable tubular member to radially expand and plastically deform portions of the 
first expandable tubular member above the lower portion of the expandable tubular member, 
pressurizing an interior region of the first expandable tubular member above the second adjustable 
expansion mandrel during the radial expansion of the portions of the first expandable tubular member 
above the lower portion of the first expandable tubular member by the second adjustable expansion 
mandrel, positioning first and second adjustable expansion mandrels within a second expandable 
tubular member, supporting the first expandable tubular member and the first and second adjustable 
expansion mandrels within the borehole in overlapping relation to the first expandable tubular member, 
lowering the first adjustable expansion mandrel out of the second expandable tubular member, 
increasing the outside dimension of the fu-st adjustable expansion mandrel, displacing the first 
adjustable expansion mandrel upwardly relative to the second expandable tubular member to radially 
expand and plastically deform a lower portion of the second expandable tubular member, pressurizing 
an interior region of the second expandable tubular member above the first adjustable expansion: 
mandrel during tlie radial expansion of the lower portion of the second expandable tubular member by 
the first adjustable expansion mandrel, displacing the first adjustable expansion mandrel and the second 
adjustable expansion mandrel downwardly relative to the second expandable tubular member, 
decreasing the outside dimension of the first adjustable expansion mandrel and increasing the outside 
dimension of the second adjustable expansion mandrel, displacing the second adjustable expansion 
mandrel upwardly relative to the second expandable tubular member to radially expand and plastically 
deform portions of the second expandable tubular member above the lower portion of the second 
expandable tubular member, and pressurizing an interior region of the second expandable tubular 
member above the second adjustable expansion mandrel during the radial expansion of the portions of 
the second expandable tubular member above the lower portion of the second expandable tubular 
member by the second adjustable expansion mandrel. The outside dimension of the first adjustable 
expansion mandrel is greater than the outside dimension of the second adjustable expansion mandrel. 
(02031 An apparatus for radially expanding and plastically deforming an expandable tubular 
member has been described that includes a support member, a locking device coupled to the support 
member and releasably coupled to the expandable tubular member, an adjustable expansion mandrel 
adapted to be controllably expanded to a larger outside dimension for radial expansion and plastic 
deformation of the expandable tubular member or collapsed to a smaller outside dimension, and an 
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actuator coupled to the locking member and the adjustable expansion mandrel adapted to displace the 
adjustable expansion mandrel upwardly through the expandable tubular member to radially expand and 
plastically deform a portion of the expandable tubular member. In an exemplary embodiment, the 
apparatus further includes a gripping assembly coupled to the support member and the actuator for 
controllablygrippingat least oneoftheexpandablelubular member or anothertubular member. In an 

exemplary embodiment, the apparatus further includes one or more cup seals coupled to the support 
n,ember for sealingly engaging the expandable tubular member above the adjustable expansion 
n^andrel. In an exemplary embodiment, the apparatus further includes an expansion mandrel coupled to 
the adjustable expansion mandrel, and a float collar assembly coupled to the adjustable expansion 
mandrel that includes a float valve assembly and a sealing sleeve coupled to the float valve assembly 
adapted to be radially expanded and plastically deformed by the expansion mandrel. 
,02041 A method for radially expanding and plastically deforming an expandable tubular member 
within a borehole has also been described that includes supporting the expandable tubular member, an 
hydraulic actuator, and an adjustable expansion mandrel wiUun the borehole, increasing the s.ze of the 
adjustable expansion mandrel, and displacing the adjustable expansion mandrel upwardly relative to the 
expandable tubular member using the hydraulic actuator to radially expand and plastically deform a 
portion of the expandable tubular member. In an exemplary embodiment, the method further includes 
reducing the size of the adjustable expansion mandrel after the portion.of the expandable tubular 
member has been radially expanded and plastically deformed. In an exemplary embodiment, the 
method further includes fluidicly sealing the radially expanded and plastically deformed end of the 
expandable tubular member afier reducing the size of the adjustable expansion mandx.1. In an 
exemplary embodiment, the method further includes permitting the position of the expandable tubular 
member to float relative to the position of the hydraulic actuator after fluidicly sealing the radially 
expanded and plastically defomied end of the expandable tubular member. In an exemplary 
- embodiment, the method further includes injecting a hardenable fluidic sealing material into an annulus 
between the expandable tubular member and a preexisting structure after permitting the positron of the 
expandable tubular member to float relative to the position of the hydraulic actuator. In an exemplary 
embodiment, the method further includes increasing the size of the adjustable expansion mandrel after 
permitting the position of the expandable tubular member to float relative to the position of the 
hydraulic actuator. In an exemplary embodiment, the method firrther includes displacing the adjustable 
expansion cone upwardly relative to the expandable tubular member to radially expand ami plastically 
deform another portion of the expandable tubular member. In an exemplary embodiment, the method 
further includes if the end of the other portion of the expandable tubular member overlaps wrth a 
preexisting structure, then not permitting the position of the expandable tubular member to float relative 
to the position of the hydraulic actuator, and displacing the adjustable expansion cone upwardly relative 
to the expandable tubular member using the hydraulic actuator to radially expand and plastically 
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deform the end ofthe other portion ofthe expandable tubular member that overlaps with the preexisting 

structure. 

10205) A method for forming a mono diameter wellbore casing within a borehole that includes a 
preexisting wellbore casing has been described.that includes supporting the expandable tubular 
member, an hydraulic actuator, and an adjustable expansion mandrel within the borehole, increasing the 
size ofthe adjustable expansion mandrel, displacing the adjustable expansion mandrel upwardly 
relative to the expandable tubular member using the hydraulic actuator to radially expand and 
plastically deform a portion ofthe expandable tubular member, and displacing tlie adjustable expansion 
mandrel upwaitlly relative to the expandable tubular member to radially expand and plastically deform 
the remaining portion ofthe expandable tubular member and a portion of the preexisting wellbore 
casing that overlaps with an end ofthe remaining portion ofthe expandable tubular member. In an 
exemplary embodiment, the method further includes reducing the size of the adjustable expansion 
mandrel after the portion ofthe expandable tubular member has been radially expanded and plastically 
deformed. In an exemplary embodiment, the method further includes fluidicly sealing the radially 
expanded and plastically deformed end of the expandable tubular member after reducing the size of the 
adjustable expansion mandrel. In an exemplary embodiment, the method fiirther includes permitting 
the position ofthe expandable tubular member to float relative to the position of the hydraulic actuator 
after fluidicly sealing the radially expanded and plastically defomied end of the expandable tubular 
member. In an exemplary embodiment, the method fiirther includes injecting a hardenable fluidic . 
sealing material into an annulus between the expandable tubular member and the borehole after 
permitting the position ofthe expandable tubular member to float relative to the position ofthe 
hydraulic actuator. In an exemplary embodiment, the method further includes increasing the size ofthe 
adjustable expansion mandrel after permitting the position ofthe expandable tubular member to float 
relative to the position ofthe hydraulic actuator. In an exemplary embodiment, the method further 
includes displacing the adjustable expansion cone upwardly relative to the expandable tubular member 
to radially expand and plastically deform the remaining portion of the expandable tubular member. In 
an exemplary embodiment, the method fiirther includes not permitting the position ofthe expandable 
tubular member to float relative to the position ofthe hydraulic actuator, and displacing the adjustable 
expansion cone upwardly relative to the expandable tubular member using the hydraulic actuator to 
radially expand and plastically deform the end ofthe remaining portion of the expandable tubular 
member that overlaps with the preexisting wellbore casing after not permitting the position ofthe 
expandable tubular member to float relative to the position ofthe hydraulic actuator. 
102061 It is understood that variations may be made in the foregoing without departing from the 
scope ofthe invention. For example, the teachings of the present illustrative embodiments may be used 
to provide a wellbore casing, a pipeline, or astructural support. Furthermore, die elements and 
teachings ofthe various illustrative embodiments may be combined in whole or in part in some or all of 
the illustrative embodiments. In addition, the expansion surfaces of the upper and lower cone 
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segments, 600 and 602, may include any form of inclined surface or combination of inclined surfaces 
such as, for example, conical, spherical, elliptical, and/or parabolic that may or may not be faceted. 
Finally, one or more of the steps of the methods of operation of the exemplary embodiments may be 
omitted and/or performed in another order. 

[0207J Although illustrative embodiments of the invention have been shown and described, a wide 
range of modification, changes and substitution is contemplated in the foregoing disclosure. In some 
instances, some features of the present invention may be employed without a corresponding use of the 
other features. Accoitlingly. it is appropriate that the appended claims be construed broadly and in a 
manner consistent with the scope of the invention. 
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1 ; An apparatus for radialiy expanding and plastically deforming an expandable tubular member, 
comprising: 

a float shoe adapted to mate with an end of the eacpandable tubular member; 

djustable expansion mandrel coupled to the float shoe adapted to be controllably 
expanded to a larger outside dimension for radial eacpansion of the e:q)andable 
tubular member or collapsed to a smallCT outside dimension; 
actuator coupled to the adjustable expansion mandrel adapted to controllably 
displace the adjustable expansion mandrel relative to the expandable tubular 
member; 

a locking devi^ c(^upled to the actuator adapted to controllably engage the expand 

tubular member; and 
a support member coupled to the locking device. 

2. A method for radially expanding and plastically deforming an expandable tubular member 

within a borehole, comprising: 

positioning an adjustable expansion mandrel within the expandable tubular member, 
supporting the expandable tubular member and the adjustable expansion mandrel within the 
borehole; 

lowering the adjustable expansion mandrel out of the expandable tubular member; 

increasing the outside dimension of the adjustable expansion mandrel; and 

displacing the adjustable expansion mandrel upwardly relative to the expandable tubular 

member n times to radially expand and plastically deform n portions of the expandable 

tubular member. 

3. A method for forming a mono diameter wellbore casing, comprising: 

positioning an adjustable expansion mandrel within a first expandable tubular member, 
supporting the first expandable tubular member and the adjustable expansion mandrel within a 

borehole; 

lowering the adjustable expansion mandrel out of the fust expandable tubular member, 

increasing the outside dimension of the adjustoble expansion mandrel; 

displacing the adjustable expansion mandrel upwardly relative to the first expandable tubular 

member m times to radially expand and plastically deform m portions of the first 

expandable tubular memfier within the borehole; 
positioning the adjustable expansion mandrel within a second expandable tubular member. 
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supporting the second expandable tubular member and the adjustable expansion mandrel within 
the borehole in overlapping relation to the first expandable tubular member; 

lowering the adjustable expansion mandrel out of the second expandable tubular member; 

increasing the outside dimension of the adjustable expansion mandrel; and 

displacing the adjustable expansion mandrel upwardly relative to tiie second expandable tubular 
member n times to radially expand and plastically deform n portions of the second 

expandable tubular member within the borehole. 

4. An apparatus for radially expanding and plastically deforming an expandable tubular member, 
comprising: 

a float shoe adapted to mate with an end of the expandable tubular member; 

an adjustable expansion mandrel coupled to the float shoe adapted to be controHably 

expanded to a larger outside dimension for radial expansion of the expandable 

tubular member or collapsed to a smaller outside dimension; 
an actuator coupled to the adjustable expansion mandrel adapted to controllably 

displace the adjustable expansion mandrel relative to the expandable tubular 

member; 

a locking device coupled to the actuator adapted to controllably engage the expandable 
. , tubular member; 

a support member coupled to the locking device; and 

a sealing member for scalingly engaging the expandable tubular member adapted to 
define a pressure chamber above the adjustable expansion mandrel during 
radial expansion of the expandable tubular member. 

5. A method for radially expanding and plastically deforming an expandable tubular member 

within a borehole, comprising: 

positioning an adjustable expansion mandrel within the expandable tubular member, 
supporting the expandable tubular member and the adjustable expansion mandrel within the 
borehole; 

lowering the adjustable expansion mandrel out of the expandable tubular member; 

increasing the outside dimension of the adjustable expansion mandrel; 

displacing the adjustable expansion mandrel upwardly relative to the expandable tubular 

member n times to radially expand and plastically deform n portions of the expandable 

tubular member within the borehole; and 
pressurizing an interior region of the expandable tubular member above the adjustable 

expansion mandrel during the radial expansion and plastic deformation of the 

expandable tubular member within the borehole, 
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6. A metliod for forming a mono diameter weilbore casing, comprising: 

positioning an adjustable expansion mandrel within a first expandable tubular member; 
supporting the first expandable tubular member and the adjustable expansion mandrel within a 
borehole; 

lowering tlie adjustable expansion mandrel out of the first expandable tubular member; 

increasing the outside dimension of the adjustable expansion mandrel; 

displacing the adjustable expansion mandrel upwardly relative to the first expandable tubular 

member m times to radially expand and plastically deform m portions of the first 

expandable tubular member within the borehole; 
pressurizing an interior region of the first expandable tubular member above the adjustable 

expansion mandrel during the radial expansion and plastic deformation of the first 

expandable tubular member within the borehole; 
positioning the adjustable expansion mandrel within a second expandable tubular member; 
supporting the second expandable tubular member and the adjustable expansion mandrel within 

the borehole in overlapping relation to the first expandable tubular member; 
lowering the adjustable expansion mandrel out of the second expandable tubular member; 
increasing tlie outside dimension of the adjustable expansion mandrel; 

displacing the adjustable expansion mandrel upwardly relative to the second expandable tubular 

member n times to radially expand and plastically deform n portions.of the second 

expandable tubular member within the borehole; and 
pressurizing an interior region of the second expandable tubular member above the adjustable 

expansion mandrel during the radial expansion and plastic deformation of the second 

expandable tubular member within the borehole. 

7. An apparatus for drilling a borehole within a subterranean formation and then radially 
expanding and plastically deforming an expandable tubular member within the drilled borehole, 
comprising: 

a float shoe adapted to mate with an end of the expandable tubular member; 

a drilling member coupled to the float shoe adapted to drill the borehole; 

an adjustable expansion mandrel coupled to the float shoe adapted to be controllably 

expanded to a larger outside dimension for radial expansion of the expandable 

tubular member or collapsed to a smaller outside dimension; 
an actuator coupled to the adjustable expansion mandrel adapted to controllably 

displace the adjustable expansion mandrel relative to the expandable tubular 

member, 
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a locking device coupled to the actuator adapted to controllably engage the expandable 

tubular member; and 
a support member coupled to the locking device. 

8. A method for drilling a borehole within a subterranean formation and then radially expanding 
and plastically deforming an expandable tubular member within the drilled borehole, comprising: 
positioning an adjustable expansion mandrel within the expandable tubular member, 
coupling a drilling member to an end of the expandable tubular member; 
drilling the borehole using the drilling member, 

positioning the adjustable expansion mandrel and the expandable Wbular member within the 
drilled borehole; 

lowering the adjustable expansion mandrel out of the expandable tubular member; 

increasing the outside dimension of the adjustable expansion mandrel; and 

displacing the adjustable expansion mandrel upwardly relative to the expandable tubular 

member n times to radially expand and plastically deform n portions of the expandable 

tubular member within the drilled borehole. 

9. A method for fonning a mono diameter wellbore casing within a borehole, comprising: 
positioning an adjustable expansion mandrel within a first expandable tubular member; 
coupling a drilling member to an end of the first expandable tubular inember; 
drilling a first section of the borehole using the drilling member, 

supporting the first expandable tubular member and the adjustable expansion mandrel within 
the drilled first section of the borehole; 

lowering the adjustable expansion mandrel out of the first expandable tubular member, 

increasing the outside dimension of the adjustable expansion mandrel; 

displacing the adjustable expansion mandrel upwardly relative to the first expandable tubular 
member m times to radially expand and plastically deform m portions of the first 
expandable tubular member within the drilled first section of the borehole; 

positioning the adjustable expansion mandrel within a second expandable tubular member; 

coupling the drilling member to an end of the second expandable tubular member, 

drilling a second section of the borehole using the drilling member; 

supporting the second expandable tubular member and the adjustable expansion mandrel within 
the borehole in overlapping relation to the first expandable tubular member within the 
second drilled secticm of the borehole; 
lowering the adjustable expansion mandrel out of the second expandable tubular member, 
increasing Ae outside dimension of the adjustable e>q)ansion mandrel; and 
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displacing the adjustable expansion mandrel upwardly relative to the second expandable tubular 
member n times to radially expand and plastically deform n portions of the second 
expandable tubular member witliin the drilled second section of the borehole. 

10. An apparatus for drilling a borehole within a subterranean formation and then radially 
expanding and plastically deforming an expandable tubular member within the drilled borehole, 
comprising: 

a float shoe adapted to mate with an end of the expandable tubular member; 

a drilling member coupled to the float shoe adapted to drill the borehole; 

an adjustable expansion mandrel coupled to the float shoe adapted to be controllably 

expanded to a larger outside dimension for radial expansion of the expandable 

tubular member or collapsed to a smaller outside dimension; 
an actuator coupled to the adjustable expansion mandrel adapted to controllably 

displace the adjustable expansion mandrel relative to the expandable tubular 

member; 

a locking device coupled to the actuator adapted to controllably engage the expandable 

tubular member; 
a support member coupled to the locking device; and 

a sealing member for sealing engaging the expandable tubular member adaipted to 

defme a pressure chamber above the adjustable expansion mandrel during the 
radial expansion of the expandable tubular member. 

11. A method for drilling a borehole within a subterranean formation and then radially expanding 
and plastically deforming an expandable tubular member within the drilled borehole, comprising: 
positioning an adjustable expansion rhandrel witiiin the expandable ttibular member, 
coupling a drill ing member to an end of the expandable tubular member; 
drilling the borehole using the drilling member; 

positioning the adjustable expansion mandrel and the expandable tubular member within the 
drilled borehole; 

lowering the adjustable expansion mandrel out of the expandable tubular member; 

increasing the outside dimension of the adjustable expansion mandrel; 

displacing tiie adjustable expansion mandrel upwardly relative to the expandable tubular 

member n times to radially expand and plastically deform n portions of the expandable 

tubular member within the drilled borehole; and 
pressuring an interior portion of the expandable tubular member above the adjustable expansion 

mandrel during the radial expansion and plastic deformation of the expandable tubular 

member within the drilled borehole. 
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A method for forming a mono diameter wellbore casing within a borehole, comprising: 
positioning an adjustable expansion mandrel within a first expandable tubular member; 
coupling a drilling member to an end of the first expandable tubular member, 
drilling a first section of the borehole using the drilling member; 

supporting the first expandable tubular member and the adjustable expansion mandrel within 
the drilled first section of the borehole; 

lowering the adjustable expansion mandrel out of the f«st expandable tubular member. 

increasing the outside dimension of the adjustable expansion mandrel; 

displacing the adjustable expansion mandrel upwardly relative to the first expandable tubular 
member ra times to radially expand and plastically deform m portions of the first 
expandable tubular member within the drilled first section of the borehole; 

pressuring an interior portion ofthe first expandable tubular member above the . 

expansion mandrel during the radial expansion and plastic defoliation of the first. 

expandable tubular member within the first drilled section of the borehole; 
positioning the adjustable expansion mandrel within a second expandable tubular member; 
coupling the drilling member to an end of the second expandable tubular member, 
drilling a second section of the borehole using the drilling member, 

supporting the second expandabfe tubiilar ri,ember and the adjustable Expansion mandrel wrthm 
the borehole in overlapping relation to the first expandable tubular member wtthm the 

second drilled section of the borehole; 
lowering the adjustable expansion mandrel out of the second expandable tubular member, 
increasing the outside dimension of the adjustable expansion mandrel; 

displacing the adjustable expansion mandrel upwardly relative to the second expandable tubular 
member n times to radially expand and plastically deform n port ions of the second 

expandable tubular member within the drilled second section of the borehole; and 
pressuring an interior portion of the second expandable tubular member above the adjustable 
expansion mandrel during the radial expansion and plastic deformation of the second 
expandable tubular member within the drilled second section of the borehole. 



13. An apparatus 
comprising: 



for radially expanding and plastically deforming an expandable tubular member. 



float shoe adapted to mate with an end of the expandable tubular member; 
first adjustable expansion mandrel coupled to the float shoe adapted to be 

controllably expanded to a first larger outside dimension for radial expansion 
of the expandable tubular member or collapsed to a first smaller outside 
dimension; 
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a second adjustable expansion mandrel coupled to the first adjustable expansion 
mandrel adapted to be controllably expanded to a second larger outside 
dimension for radial expansion of the expandable tubular member or collapsed 
to a second smaller outside dimension; 

an actuator coupled to the first and second adjustable expansion mandrels adapted to 
controllably displace the first and second adjustable expansion mandrels 

relative to the expandable tubular member, 
a locking device coupled to the actuator adapted to controllably engage the expandable 

tubular member, and 
a support member coupled to the locking device; 

wherein the first larger outside dimension of the first adjustable expansion mandrel is 
larger than the second larger outside dimension of the second adjustable 
expansion mandrel., 

14. A method for radially expanding and plastically defomiing an expandable tubular member 

within a borehole, comprising: 

positioning first and second adjustable expansion mandrels within the expandable tubular 

member, 

supporting the expandabWtubular member and the first and second adjustable expansion 

mandrels within the bwehole; 
lowering the first adjustable expansion mandrel out of the expandable tubular member; 
increasing the outside dimension of the first adjustable expansion mandrel; 
displacing the first adjustable expansion mandrel upwardly relative to the expandable tubular 

member to radially expand and plastically deform a lower portion of the expandable 

tubular member; 

displacing the first adjustable expansion mandrel and the second adjustable expansion mandrel 

downwardly relative to the expandable tubular member 
decreasing the outside dimension of the first adjustable expansion mandrel and increasing the 

outside dimension of the second adjustable expansion mandrel; 
displacing the second adjustable expansion mandrel upwardly relative to the expandable tubular 

member to radially expand and plastically deform portions of the expandable tubular 

member above the lower portion of the expandable tubular member; 
wherein the outside dimension of the first adjustable expansion mandrel is greater than the 

outside dimension of the second adjustable expansion mandrel. 

1 5. A method for forming a mono diameter wellbore casing, comprising: 
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positioning first and second adjustable expansion mandrels within a first expandable tubular 

member; 

supporting the first expandable tubular member and the first and second adjustable expansion 

mandrels within a borehole; 
lowering the first adjustable expansion mandrel out of the first expandable tubular member; 
increasing the outside dimension of the first adjustable expansion mandrel; 
displacing the first adjustable expansion mandrel upwardly relative to the first expandable 

tubular member to radially expand and plastically deform a lower portion of the first 

expandable tubular member, 
displacing the first adjustable expansion mandrel and the second adjustable expansion mandrel 

downwardly relative to the first expandable tubuhir member; 
decreasing the outside dimension of the first adjustable expansion mandrel and increasing the 

outside dunension of the second adjustable expansion mandrel; 
displacing the second adjustable expansion mandrel upwardly relative to the first expandable 

tubular member to radially expand and plastically deform portions of the first 

expandable tubular member above the lower portion of the expandable tubular 

member, 

positioning first and second adjustable expansion mandrels within a second expandable tubular 

member, 

supporting the first expandable tubular member and the first and second adjustable expansion 
mandrels within the borehole in overlapping relation to the first expandable tubular 

member; 

lowering the first adjustable expansion mandrel out of the second expandable tubular member. 

increasing the outside dimension of the first adjustable expansion mandrel; 

displacing the first adjustable expansion mandrel upwardly relative to the second expandable 

tubular member to radially expand and plastically deform a lower portion of the second 

expandable tubular member; 
displacing the first adjustable expansion mandrel and the second adjustable expansion mandrel 

downwardly relative to the second expandable tubular member, 
decreasing the outside dimension of tlie first adjustable expansion mandrel and increasing the 

outside dimension of the second adjustable expansion mandrel; and 
displacing the second adjustable expansion mandrel upwardly relative to the second expandable 

tubular member to radially expand and plastically deform portions of the second 

expandable tubular member above the lower portion of the second expandable tubular 

member; 

wherein the outside dimension of the first adjustable expansion mandrel is greater than the 
outside dimension of the second adjustable expansion mandrel. 
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16. An apparatus for radially expanding and plastically deforming an expandable tubular member, 
comprising: 

a float shoe adapted to mate with an end of the expandable tubular member, 
a first adjustable expansion mandrel coupled to the float shoe adapted to be 

controliably expanded to a first larger outside dimension for radial expansion 
of the expandable tubular member or collapsed to a first smaller outside 
dimension; 

a second adjustable expansion mandrel coupled to the first adjustable expansion 

mandrel adapted to be controliably expanded to a second larger outside 

dimension for radial expansion of the expandable tubular member or collapsed 

to a second smaller outside dimension; 
an actuator coupled to the first and second adjustable expansion mandrels adapted to 

controliably displace the first and second adjustable expansion mandrels 

relative to the expandable tubular member; 
a locking device coupled to the actuator adapted to controliably engage the expandable 

tubular member; 
a support member coupled to the locking device; and 

a sealing member for sealingly engaging the expandable tubular adapted to define a 
pressure chamber above the first and second adjustable expansion mandrels 
during the radial expansion of the expandable tubular member; 

wherein the first larger outside dimension of the first adjustable expansion mandrel is 
larger than the second larger outside dimension of the second adjustable 
expansion mandreL 

17. A method for radially expanding and plastically defonning an expandable tubular member 
within a borehole, comprising: 

positioning first and second adjustable expansion mandrels within tiie expandable tubular 

member, 

supporting the expandable tubular member and the first and second adjustable expansion 

mandrels within the borehole; 
lowering the first adjustable expansion mandrel out of the expandable tubular member; 
increasing the outside dimension of the first adjustable expansion mandrel; 
displacing the first adjustable expansion mandrel upwardly relative to the expandable tubular 

member to radially expand and plastically deform a lower portion of the expandable 

tubular member; 
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pressurizing an interior region of the expandable tubular member above the first adjustable 

expansion mandrel during the radial expansion of the lower portion of the expandable 
tubular member by the first adjustable expansion mandrel; 
displacing the first adjustable expansion mand.^1 and the second adjustable expansion mandrel 

downwardly relative to the expandable tubular member, 
decreasing the outside dimension of the first adjustable expansion mandrel and increasing the 

outside dimension of the second adjustable expansion mandrel; 
displacing the second adjustable expansion mandrel upwardly relative to the expandable tubular 

member to radially expand and plastically deform portions of the expandable tubular 

member above the lower portion of the expandable tubular member, and 
pressurizing an interior region of the expandable tubular member above the second adjustable 

expansion mandrel during the radial expansion of the portions of the expandable 

tubular member-above the lower portion of the expandable tubular member by the 

second adjustable expansion mandrel; 
wherein the outside dimension of the first adjustable expansion mandrel is greater than the 

outside dimension of the second adjustable expansion mandrel. 

A method for forming a mono diameter wellbore casing, comprising: 

positioning first and second adjustable expansion mandrels within a first expandable tubular 

member, 

supporting the first expandable tubular member and the first and second adjustable expansion 

mandrels within a borehole; 
lowering the first adjustable expansion mandrel out of the first expandable tubular member; 
increasing tlie outside dimension of the first adjustable expansion mandrel; 
displacing the first adjustable expansion mandrel upwardly relative to the first expandable 

tubular member to radially expand and plastically deform a lower portion of the first 

expandable tubular member; 
pressurizing an interior region of the fir^ expandable tubular member above the first adjustable 

expansion mandrel during the radial expansion of the lower portion of the first 

expandable tubular member by the first adjustable expansion mandrel; 
displacing the first adjustable expansion mandrel and the second adjustable expansion mandrel 

downwardly relative to the first expandable tubular member; 
decreasing the outside dimension of the first adjustable expansion mandrel and increasing the 

outside dimension of the second adjustable expansion mandrel; 
displacing the second adjustable expansion mandrel upwardly relative to the first expandable 

tubular member to radialfy expand and plastically deform portions of the first 
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expandable tubular member above the lower portion of the expandable tubular 

member; 

pressurizing an interior region of the first expandable tubular member above the second 

adjustable expansion mandrel during the radial expansion of the portions of the fust 
expandable tubular member above the lower portion of the first expandable tubular 
member by tlie second adjustable expansion mandrel; 

positioning first and second adjustable expansion mandrels within a second expandable tubular 
member; 

supporting the first expandable tubular member and the first and second adjustable expansion 
mandrels within the borehole in overlapping relation to the first expandable tubular 
member; 

lowering the first adjustable expansion mandrel out of the second expandable tubular member, 

increasing the outside dimension of the first adjustableexpansion mandrel; 

displacing the first adjustable expansion mandrel upwardly relative to the second expandable 

tubular member to radially expand and plastically deform a lower portion of the second 
expandable tubular member; 
pressurizing an interior region of the second expandable tubular member above the first 

adjustable expansion mandrel during the radial expansion of the lower portion of the 
second expandable tubular member by the first adjustable expansion mandreU 
displacing the first adjustable expansion mandrel and the second adjustable expansion mandrel 

downwardly relative to the second expandable tubular member, 
decreasing the outside dimension of the first adjustable expansion mandrel and increasing the 

outside dimension of the second adjustable expansion mandrel; 
displacing the second adjustable expansion mandrel upwardly relative to the second expandable 
tubular member to radially expand and plastically deform portions of the second 
expandable tubular member above the lower portion of the second expandable tubular 
member; and 

pressurizing an interior region of the secoml expandable tubular member above the second 

adjustable expansion mandrel during the radial expansion of the portions of the second 
expandable tubular member above the lower portion of the second expandable tubular 
member by the second adjustable expansion mandrel; 

wherein the outside dimension of the first adjustable expansion mandrel is greater than the 
outside dimension of the second adjustable expansion mandrel. 



19. An apparatus 
comprising: 



for radially expandingandplasticallydeforming an expandable tubular member. 

a support member; 
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a locking device coupled to the support member and releasably coupled to the 

expandable tubular member; 

an adjustable expansion mandrel adapted to be controllably expanded to a larger 
outside dimension for radial expansion and plastic deformation of the 
expandable tubular member or collapsed to a smaller outside dimension; and 

an actuator coupled to the locking member and the adjustable expansion mandrel 
adapted to displace the adjustable expansion mandrel upwardly through the 
expandable tubular member to radially expand and plastically deform a portion 
of the expandable tubular member. 

20. The apparatus of claim 19, farther comprising: 

a gripping assembly coupled to the support member and the actuator for controllably 
gripping at least one of the expandable tubular member or another tubular 
member. 

2 1 . The apparatus of claim 1 9, further comprising: 

one or more cup seals coupled to tlie support member for sealingly engaging the 
expandable tubular member above the adjustable expansion mandrel. 

22. The apparatus of claim 19, further comprising: 

an expansion mandrel coupled to the adjustable expansion mandrel; and 
a float collar assembly coupled to the adjustable expansion mandrel comprising: 
a float valve assembly; and 

a sealing sleeve coupled to the float valve assembly adapted to be radially 
expanded and plastically deformed by the expansion mandrel. 

23. A method for radially expanding and plastically deforming an expandable tubular member 

within a borehole, comprising: 

supporting the expandable tubular member, an hydraulic actuator, and an adjustable expansion 

mandrel within the borehole; 
increasing the size of the adjustable expansion mandrel; and 

displacing the adjustable expansion mandrel upwardly relative to the expandable tubular 
member using the hydraulic actuator to radially expand and plastically deform a 
portion of Ae expandable tubular member. 



24. The method of claim 23, further comprising: 
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reducing the size of the adjustable expansion mandrel after the portion of the expandable 
tubular member has been radially expanded and plastically deformed. 

The method of claim 24, further comprising: 

fluidicly sealing the radially expanded and plastically deformed end of the expandable tubular 
member after reducing the size of the adjustable expansion mandrel. 

The method of claim 25, further comprising: 

permitting the position of the expandable tubular member to float relative to the position of the 
hydraulic actuator after fluidicly sealmg the radially expanded and plastically deformed 
end of the expandable tubular member. 

TTie method of claim 26, further comprising: 

injecting a hanlenable fluidic sealing material into an annulus between the expandable tubular 
member and a preexisting structure after permitting the position of the expandable 
tubular member to float relative to the position of die hydraulic actuator. 

TTie method of claim 26, ftirther comprising: 

increasing the size of the adjustable expansion mandrel after permitting the position of the 
.pandable tubular member to float relative to the position of the hydraulic actuator. 



exp 



The method of claim 28, further comprising: 

displacing the adjustable expansion cone up^vardly relative to ti,e expandable tubular member 
to radially expand and plastically defonn anotl«r portion of the expandable tubular 
member. 

Tlie metiiod of claim 29, fiirther comprising: 

if the end of the other portion of the expandable tubular member overlaps with a preexisting 
structure, tiien 

not permitting the position of the expandable tubular member to float relative 
to the position of the hydraulic actuator, and 

displacing the adjustable expansion cone upwardly relative to the expandable 
tubular member using the hydraulic actuator to radially expand and 
plastically defonn the end of the otiier portion of tiie expandable 
tubular member that overlaps with the preexisting structure. 
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A method for fonning a mono diameter wellbore casing within a borehole that includes a 

preexisting wellbore casing, comprising: 

supporting the expandable tubular member, an hydraulic actuator, and an adjustable expansion 

mandrel within the borehole; 
increasing the size of the adjustable expansion mandrel; 

displacing the adjustable expansion mandrel upwardly relative to tl« expandable tubular 
member using the hydraulic actuator to radially expand and plastically defonn a 
portion of the tatpandable tubular member, and 

displacing the adjustable expansion mandrel upwardly relative to the expandable tubular 
member to radially expand and plastically defomi the remaining portion of the 
expandable tubular member and a portion of the preexisting wellbore casing that 
overlaps with an end of the remaining portion of the expandable tubular member. 

The method of claim 31, further comprising: 

reducing the size of the adjustable expansion mandrel after the portion of the expandable 
tubular member has been radially expanded and plastically deformed. 

The method of claim 32, further comprising: 

fluidicly sealing the radially expanded and plastically deformed end of the expandable tubular 
member after reducing the size of the adjustable expansion mandrel. 

The method of claim 33, further comprising: 

permitting the position of the expandable tubular member to float relative to the position of the 
hydraulic actuator after fluidicly sealing the radially expanded and plastically deformed 
end of tfie expandable tubular member. 

The method of claim 34, further comprising: 

injecting a hardenable fluidic sealing material into an annulus between the expandable tubular 
member and the borehole after permitting the position of the expandable tubular 
member to float relative to the position of the hydraulic actuator. 

The method of claim 34, further comprising: 

increasing the size of the adjustable expansion mandrel after pem.itting the position of the 
expandable tubular member to float relative to the position of the hydraulic actuator. 



The method of claim 36, further comprising: 
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displacing the adjustable expansion cone upwardly relative to Uie expandable tubular member 
to radially expand and plastically deform the remaining portion of the expandable 
tubular member. 

The method of claim 37, further comprising: 

not permitting the position of the expandable tubular member to float relative to the position of 
die hydraulic actuator, and 

dbplacing the adjustable expansion cone upwardly relative to the expandabk tubular member 
using the hydraulic actuator to radially expand and plastically deform the end of the 
remaining portion of the expandable tubular member that overlaps with the preexisting 
wellbore casing after not permitting the position of the expandable tubular member to 
float relative to the position of the hydraulic actuator. 
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AMENDED CLAIMS 

[received by the International Bureau on 16 July 2004 (16.07.04); 
original claims 1-38 amended, claims 39-204 added] 

Claims 

Whatis claimed is: 

1 . An apparatus for radially sanding and plastically deforming an expandable tubular 
member, comprising: 

a float shoe adapted to mate with an end of the expandable tubular member; 

an adjustable expansion mandrel coupled to the float shoe adapted to be controllably 

expeuided to a larger outside dimension for radial expansion of 

expandable tubular member or oollapsed to a smaller outside dimension; 
an actuator coupled to the adjustable expansion mandrel adapted to controllably 

displace the adjustable expansion mandrel relative to the expandable tubular 

member, 

a locking device coupled to the actuator adapted to controllably engage the 

expandable tubular member; and 
a support member coupled to the locking device. 

2. A method for radially expanding and plastically defomning an expandable tubular 
member within a borehole, comprising: 

positioning an adjustable expansion mandrel within the expandable tubular member; 
supporting the ercpandabl^ tubular member and the adjustable expansion mandrel 
within tlie borehole; 

lowering the adjustable expansion mandrel out of ihe expandable tubular member; 
Increasing the outside dimension of the adjustable expansion mandrel; and 
displacing the adjustable expansion mandrel upwardly relative to the expandable 

tubular member n times to radially expand and plastically deform n portions of 

the expandable tubular member. 

3. A method for forming a mono diameter wellbore casing, comprising: 
positioning an adjustable expansion mandrel v\nthin a first expandable tubular memt)er. 

supporting the first expandable tubular member and the adjustable expansion 

mandrel within a borehole; 
lowering the adjustable expansion mandrei out of the first expandable tubular 

member; 

increasing the outside dimension of the adjustable expansion mandrel; 
AlVIENDED SHEET (ARTICLE 19) 
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displacing the adjustable expansion mandrel upwardly relative to the first expandable 
tubular member m times to radially expand and plasticafiy defomi m portions 
of the first expandable tubular member within the borehole; 

positioning the adjustable expansion mandrel within a second expandable tubular 
member, 

supporting the second expandable tubular member and the adjustable expansion 
mandrel within the borehole in overlapping relation to \h& first expandable 
tubular member; 

lowering the adjustable expansion mandrel out of the second expandable tubular 
member: 

Increasing the outside dimension of the adjustable expansion mandrel; arid 
displacing the adjustable expansion mandrel upwardly relative to the second 

expandable tubular member n times to radially expand and plastically deform 
n portions of the second expandable tubular member within the borehole. 

4. An apparatus for radially expanding and ptesticelly deforming an expandable tubular 
member, comprising: 

a float shoe adapted to mate with an end of the expandable tubular member, 

an adjustable expansion mandrel coupled to the float shoe adapted to be controllaWy 

e:<pand9d to a larger outside dimension for radial expansion of the 

expandable tubular member or collapsed to a smaller outside dimension; 
an actuator coupled to the adjustable expansion mandrel adapted to controilably 

disptaca the adjustable expansion mandrel relative to the expandable tubular 

memben 

a locking device coupled to the actuator adapted to controilably engage the 

expandable tubular member; 
a support member coupled to the ioddng device; and 

a sealing member for sealingly engaging tfie expandable tubular member adapted to 
define a pressure chamber above the adjustable expansion mandrel during 
radial expansion of the expandable tubular member. 

5. A method for radially expanding and plastically defomiing an expandable tubular 
member within a borehole, comprising: 

positioning an adjustable expansion mandrel within the expandable tubular member; 

53A 
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supporting the expandable tubular member and (he adjustable expansfon mandrel 
within the borehole; 

lowering the adjustable expansion mandrel out of the expandable tubular member; 

increasing the outside dimension of the adjustable expansion mandrel; 

displacing the adjustatile expansion mandrel upwardly relative to the expandable 

tubular member n times to radially expand and plastically defomn n portions of 
the expandable tubular member within the borehole; and 

pressurizing an interior region of the expandable tubular member above the 
adjustable e)q7an6ion mandrel during the radial expansion and plastic 
deformation of the expandable tubular member within the borehola 

6. A method for forming a mono diameter wellbore casing, comprising: 

positioning an adjustable expansion mandrel within a first expandable tubular 
member; 

supporting the first expandable tubular member and the adjustable expansion 

mandrel within a borehole; 
towering the adjustable expansion mandrel out of the first expahd^le tubular 

member; 

increasing the outside dimension of tiie adjustable expansbn mandrel; 

dispiadng the adjustable expansion mandrel upwardly relative to the first expandable 
(ubuiar member m times to radially expand and plasiically deform m portions 
of the first expandable tubular member within the borehole; 

pressurizing an interior region of the first expandable tubular member above the 
adjustable expansion mandrel during the radial expansion and plastic 
deformation of the first expandable tubular member within the borehole; 

positioning the adjustable expansion mandrel within a second expandable tubular 
member, 

supporting the second expandable tubular member and the adjustable expansion 
mandrel witfiin the borehole in overlapping relation to the first expandable 
tubular member, 

lowering the adjustable expansion mandrel out of the second expandable tubular 

member; 

increasing the outside dimension of the adjustable expansion mandrel; 
displadng the adjustable expansion mandrel upwardly relative to the second 
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expandable tubular member n times to radlaOy expand and plastically deform 
n portions erf the second expandable tubular member within the borehole; and 
pressurizing an Interior region of the second expandable tubular member above the 
adjustable expansion mandrel during the radial expand and plastic 
defonnation of the second expandable tubular memberwithin the borehole. 

7. An apparatus Ibr drilling a borehole within a subterranean formation and then radially 
expanding and plastically defbnning an expandable tubular member wMiln the drilled 

borehole, comprising: 

a float shoe adapted to mate with an end of the expandable tubular member: 
a drilling member coupled to the float shoe adapted to drill the borehole; 
an adjustable expansion mandrel coupled to the float shoe adapted to be controllably 
expanded to a larger outside dimension for radial expansion of the 
expandable tubular member or collapsed to a smaller outside dimension: 
an actuator coupled to the adjustable expansion mandrel adapted to controllably 

displace the atSustable expansion mandrel relative to the ej^pandable tubular 
■■-'■rhember, 

a locking device coupled to the actuator adapted to controllably engage the 

expandable tubular member; and 
a support member coupled to the locking device. 

8. A method for drilling a borehole within a subterranean fonnatlon and then radfelly 
expanding and plastically deforrnlng an expandable tubular member within the drilled 

borehole, comprising: 

positioning an adjustable expansion mandrel within the expandable tubular member; 
coupling a drilfing member to an end of the expandable tubular member; 
drilling the borehole using the drilling memben 

positioning the adjustable expansion mandrel and the expandable tubular member 

within the drilled borehole: 
lowering the adjustable expansion mandrel out of the expandable tubular member, 
»»cfBasing the outside dimension of the adjustable expansion mandrel; and 
displadng the adjustable expansion mandrel upwardly relative to the expandable 

tubular itember n times to radially expand and plastically deform n portions of 
the e)q)andable tubular member within the drilled borehole. 
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9. A method for forming a mono diameter wellbore casing within a borehole, 
comprising: 

positioning an adjustable expansion mandrel wittiln a first expandable tubular 
nr>ember: 

coupling a drilling member to an end of the first expandable tubular memt>er; 

drilling a first section of the borehole using the drilling member, 

supporting the first expandable tubular member and the adjustable e)?Janston 

mandrel wittiln the drilled first secfion of the borehole; 
lowering the acflustaWe expansion mandrel out of the first expandable tubular 
. momben 

increasing the outside dimension of the adjustable expansion mandrel; 

displacing the adjustable expansion mandrel upwardly relative to the first expandable 
tubular member m times to radially expand and plastically defonm m portions 
of the first expandable tubular member within the dnlled first section of the 
txjrehole; 

positioning the adjustable expansion mandrel within a second expandable tubular 
member; 

coupling the drilling member to an end of the second expandable tubular member. 

drilling a second section of the borehole using the dr^ling member; 

supporting the second expandable tubular member and U\e adjustable e?cpansion 
mandrel within the borehole In overiapping relation to the first expandable 
tubular member within the second drilled section of the borehole; 

lowering the adjustable expansion mandrel out of the second expandable tubular 
member; 

increasing the outside dimension of the adjustable expansion mandrel; and 
displacing the adjustable expansion mandrel upwardly relative to the second 

expandable tubular member n times to radially expand and plastically deform 
n portions of the second expandable tubular member within the drilled second 
section of the borehole. 

10. An apparatus for drilling a borehole within a subterranean formation and then radially 
expanding and plastically defonning an expandable tubular member vwthin the drilled 
borehole, comprising: 

S6A 



AMENDED SHEET (ARTICLE 19) 



wo 2003/042487 



PCT/US2002/036267 



a float shoe adapted to mate with an end of the expandable tubular member; 

a drilling memt)er coupled to the float shoe adapted to drill the borehole; 

an adjustable expansion mandrel coupled to the float shoe adapted to be controllably 

expanded to a larger outside dimension Ibr radial expansion of the 

expandable tubulai' member or cxsllapsed to a smaller outside dimension; 
an actuator coupled to the adjustable expansion mandrel adapted to contronably 

displace the atyustable expansion mandrel relative to the expandable tubular 

member; 

a loddng device coupl^ to the actuator adapted to controllably engage the 

expandable tubular member, 
a support member coupled to the loddng device; and 

a sealing member for sealing engaging the expandable tubular member adapted to 
define a pressure diamber above the adjustable expansion mandrel during 
the radial expansion of the expandable tubular member. 

11. A method for drilling a borehote within a subtenranean forniahon and then radially 
expandir^ and plastically defonnning an expandable tutiular member within the drilled 
borehole, comprising: 

positioning an adjustable expansion mandrel within the expandable tubular member, 
coupling a drilling msmt?er to an end of the expandable tubular member: 
drilling the borehole using the drilling memben 

positioning the adQustable expansion mandrel and the expandable tubular member 
within the drilled borehole: 

lowering the adjustable expansion mandrel out of the expandable tubular memben 

increasing the outside dimension of the adjustable expansion mandrel; 

displacing the adjustable expansion mandrel upwartlty relative to the expandable 

tubular member n times to radially expand and plastically deform n portions of 
the expandable tubular member within the drilled borehole; and 

pressuring an interior portion of the e)q)andable tubular member above the adjustable 
expansion mandrel during the radial expansion and plastic defomnation of the 
expandable tubular member within the drilled borehole. 

12. A method for forming a mono diameter wellbore casing within a borehole, 
comprising: 
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positioning an adjustable expansion mandrel within a first e)q)anclab{e tubular 
member, 

coupling a drilling member to an end of the first expandable tubular member, 

drilling a first section of the borehole using the drilling member, 

supporting the first expandable tubular member and the adjustable expansion 

mandrel within the drilled first section of the borehole; 
lowering the adjustable expansion mandrel out of the first expandable tubular 

member 

increasing the outside dimension of the adjustable expansion mandrel; 

displacing the adjustable expansion mandrel upwardly relative to the first expandable 
tubular member m times to radially expand and plastically defonn m portions 
of the first expandable tubular member within the drilled first section of the 
borehole; 

pressuring an Interior portion of the first expandable tubular member above the 
adjustable expansion mandrel during the radial expansion and plastic 
deformation 6f the first expandable tubular member within the first drilled 
section of the borehole; 

positioning the adjustable expansion mandrel within a second expandable tubular 
member; 

coupling the drilling member to an end of the second expandable tubular member. 

drilling a second section of the borehole using the drilling member, 

supporting the second ^andable tubular member and the adjustable ©spansion 
mandrel wftWn the borehole in overlapping relation to the first expandable 
tubular member within the second drilled section of the borehole; 

lowering the adjustable expansion mandrel out of the second expandable tubular 
member; 

increasing the outside dimension of the adjustable expansion mandrel; 
displacing the adjustable expansion mandrel upwardly relative to the second 

expandable tubular member n times to radially expand and plasficalty defonn 

n portions of tfie second expandable tubular member within the dniled second 

section of the borehde; and 
pressuring an interior portion of the second expandable tubular member above the 

adjustable expansion mandrel during the radial expansion and plastic 
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deformation of the second expandable tubular member wittiin the drilled 
second section of the borehole. 

13. An apparatus for radially expanding and plastically deforming an expandable tubular 
member, comprising: 

a float shoe adapted to mate yM\ an end of the expandable tubular member; 
a first adjustable expansion mandrel coupled to the float shoe adapted to be 

controllably expanded to a first larger outside dimension for radial expansion 
of the expandable tubular member or collapsed to a first smaller outside 
dimension; 

a second adjustable expansion mandrel coupled to the first adjustable expansion 
mandrel adapted to be controllably expanded to a second larger outside 
dimension for radial expansion of the expandable tubular member or 
collapsed to a second smaller outside dimension; 

an actuator coupled to ^e first and second adjustable expansion mandrels adapted 
to controllably displace the first and second adjustable e;tpansion mandrels 
relative to the expandable tubular member, 

a locking device coupled to the actuator adapted to controllably engage the 
expandable tubular member; and 

a support member coupled to the locking device; 

wherein the first larger outside dimension of the flrs's adjusiabte e:cpansion mandrel Is 
larger than the second larger outside dimension of the second adjustable 
expansion mandrel. 

14. A method for radially expanding and plastically defomnlng an expandable tubular 
member within a lx)rehole, comprising: 

positioning first and second adjustable expansion mandrels within the expandable 
tubular meml>er; 

supporting the expandable tubular member and the first and second adjustable 

expansion mandrels within the borehole; 
lowering the first adjustable expansion mandrel out of the expandable tubular 

member; 

increasing the outside dimension of the first adjustable expansion mandrel; 
displacing the first adjustable expansion mandrel upwardly relative to the expandable 
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tubular member to radially expand and plastically deform a lov\^er portion of 

^e expandable tubular member; 
displacing the first adjustable expansion mandrel and the second adjustable 

expansion mandrel downwardly relative to the expandable tubular member; 
decreasing the outside dimension of the first adjustable expansion mandrel and 

increasing the outside dimension of the second adjustable expansion 

mandrel; 

displacing the second adjustable expansion mandrel upwardly relative to the 

expandable tubular member to radially expand and plastically deform portions 
of the expandable tubular member above the lower portion of the expandable 
tubular member; 

wherein the outside dimension of the first adjustable expansion mandrel is greater 
than the outside dimension of the second adjustable expansion nnandrel. 

15. A method for forming a mono diameter wellbore casing, comprising: 

positioning first and second adjustable e)q>an3ion mandrels within a first e;)q:»andable 
tubular member, 

supporting the fir^t expandable tubular member and. the first and second adjustable 

expansion mandrels within a borehole; 
lowering ths first adjustable expansion mandrel out of the first expandable tubular 

msmber; 

increasing th£ outside dimension of the first adjustable esipansion mandrel; 
displacing the first adjustable expansbn mandrel upwardly relative to the first 

expandable tubular member to radially expand and plasticaRy deform a lower 

portion of the first expandable tubular member, 
displacing the first adjustable expansion mandrel and the second adjustable 

expansion mandrel dovi/nwardly relative to the first expandable tubular 

member; 

decreasing the outside dimension of the first adjustable expansion mandml and 
increasing the outside dimension of the second adjustable expansion 
mandrel; 

displadng the second adjustable expansion mandrel upwardly relative to the first 

expandable tubular member to radially expand and plastically defomri portions 
of the first expandable tubular member above the lower portion of the 
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expandable tubular memben 
positioning flrst and second adjustable expansion mandrete within a second 

expandable tubular member, 
supporting the first expandable tubular member and the first and second adjustable 

expansion mandrels within the borehole in overiapping relation to the first 

expandable tubular memt>er; 
lowering the first at^ustabte expansbn mandrel out of the second expandable tubular 

member; 

Increasing the outside dimension of the first adjustable expansion mandrel; 
displadng the first adjustable e)^ansion mandrel upwardly relative to the second 

e)q)andable tubular member to radially expand and plastically deform a lower 

portion of the second expandable tubular member; 
displacing the first adjustable expansion mandrel and the second adjustable 

expansion mandrel downwardly relative to the second expandable tubular 

member: 

decreasing the outside dimension of the first adjuslable expansion mandrel and 
increasing the outside dimension of the second adjustable expansion 
mandrel; and 

displacing the second adjustable expansion mandrel upwartfy relative to the second 
expandable tubular member to radially expand and plastically defomn portions 
of the second expandable tubular member above the lower portion of the 
second expandable tubular memben 

wherein ttie outside dimension of the first adjustable expansion niandrel is greater 
than the outside dimension of the second adjustable expansion mandrel. 

16. An apparatus for radially expanding and plastically defomiing an expandable tubular 
member, comprising: 

a float shoe adapted to mate with an end of the expandable tubular member; 
a first adjustable e3q3ansion mandrel coupled to the float shoe adapted to be 

controllably expanded to a first larger outside dimension for radial expansion 
of the expandable tubular member or collapsed to a first smaller outside 
dimendon; 

a second a€(justable expansion mandrel coupled to the first adjustable expansion 
mandrel adapted to be controllably expanded to a second larger outside 
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dimension for radial expansion of the expandable tubular member or 

collapsed to a second smaller outside dimension; 
an actuator coupled to the first and second adjustable expansion mandrels adapted 

to oontnoilably displace the first and second adjustable expansion mandrels 

relative to the expandable tubular member; 
a locking device coupled to the actuator adapted to controllably engage the 

expandable tubular member, 
a support member coupled to the locking device; and 

a sealing member for sealingly engaging the expandable tubular adapted to define a 
pressure chamber above the frst and second adjustable expansion mandrels 
during the radial expansion of the expandable tubular member; 

wherein the first larger outside dimenston of the first adjustable expansion mandrel is 
larger than the second larger outside dimenston of the second adjustable 
expansion mandrel. 

17. A method for radially expanding and plastically deforming an expandable tubular 
member within a borehole, comprising: 

positioning first and second adjustable expansion mandrels within the expandable 
tubular member; 

supporting the expandable tubular member and the first and second adjustable 

expansion mandrels wlihin the borehole; 
lowenng the first adjustable mansion mandrel out of the expandable tubular 

member. 

Increasing the outside dimension of the first adjustable expansion mandrel; 
dlspladng the first adjustable expansion mandrel upwardly relative to the expandable 

tubular member to radially expand and plastically deform a lower portion of 

the expandable tubular member; 
piBssurizlng an interior region of the expandable tubular member above the first 

adjustable expansion mandrel during the radial expansion of the lower portion 

of the expandable tubular member by the first adjustable expansion mandrel; 
displacing the first adjustable expansion mandrel and the second adjustable 

expansion mandrel downwardly relative to the expandable tubular member; 
decreasing the outside dimension of the first adjustable expansion mandrel and 

increasing the outside dimension of the second adjustable expansion 
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mandrel; 

displacing the second adjustable expansion mandrel upwardly relative to the 

expandable tubular menit>er to radially expand and plastically deform portions 
of the expandable tubular member above the lower portion of the expandable 
tubular member, and 

pressurizing an interior region of ttie expandable tubular member above the second 
adjustable expansion mandrel during the radial expansion of tfie portions of 
the expandable tubular member above the lower portion of the expandable 
tubular member by the second adjustable expansion mandrel; 

wherein the outside dimension of the first adjustable expansion mandrel Is greater 
than the outside dimension of 0ie second adjustable expansion mandrel. 

16. A method for forming a mono diameter wellbore casing, comprising: 

positioning first and second adjustable expansion mandrels within a first expandable 
tubular member; 

supporting the first expandable tubular member and the first and second adjustable 

expansion mandrels within a borehole; 
lowering the first adjustable expansion mandrel out of the first expandable tubular 

member; 

increasing the outside dimension of the first adiustable expansion mandrel; 
displacing ilie Ttm adjus'cable expansion mandrel upwardly relative to tha first 

expandable tubular member to radially expand and plastically defonn a lower 

portion of the first expandable tubular member; 
pressurizing an interior region of the first expandable tubular member above the first 

adjustable expansion mandrel during the radial expansion of the lower portion 

of the first expandable tubular member by the first adjustable expansion 

mandrel; 

displacing the first adjustable expansion mandrel and the second adjustable 
expansion mandrel downwardly relative to the first expandable tubular 
member; 

decreasing the outside dimension of the first adjustable expansion mandrel and 
increasing the outside dimension of the second adjustable expansion 
mandrel; 

displacing the second adjustable expansion mandrel upwardly relative to the first 
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expandable tubular member to radially expand and plastically deform portions 
of the first expandable tubular member above the lower portion of the 
expandable tubular member; 
pressurizing an Interior region of the first expandable tubular member above the 
second adjustable expansion mandrel during the radial expansion of the 
portions of the first expandable tubular member above the lower portion of the 
first expandable tubular number by the second adjustable expansion 
mandrel; 

positioning first and second adjustable expansion mandrels v\rithin a second 

expandable tubular member; 
supporting the first expandable tubular member and the first and second adjustable 

expansion mandrels within the borehole In overlapping relation to the first 

expandable tubular member; 
lowering the first adjustable expansion mandrel out of the second expandable tubular 

memt>er; 

increasing the outside dimension of the first adjustable expansion mandrel; 
displacing the first adjustable expansion mandrel upwardly relative to the second 

expandable tubular member to radially expand and plastically deform a lower 

portion of the second expandable tubular member, 
pressurizing an interior legion of the second expandable tubular member above ttie 

first adjustable expansion mandrel during tine radial expansion of ihs lower 

portion of the second expandable tubular member by the first adjustable 

expansion mandrel; 
displadng the first adjustable e)^anston mandrel and the second adjustable 

expansion mandrel downwardly relative to the second expandable tubular 

member; 

decreasing the outside dimension of the first adjustable expansion mandrel and 
increasing the outside dimension of the second ^justable expansion 
mandrel; 

displacing the second adjustable expansion mandrel upwardly relative to the second 
expandable tubular member to radially expand and plastically deform portions 
of the second expandable tubular member above the lower portion of the 
second expandable tubular member; and 

pressurizing an interior region of the second expandable tubular member above the 
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second adjustable expansion mandrel during the radial expansion of the 
portions cf the second expandable tubular member above the lower portion of 
the second expandable tubular member by the second adjustable expansion 
mandrel; 

wherein the outside dimension of the first adjustable expansion mandrel is gfeater 
than the outside dimension of the second adjustable expansion mandrel. 

19. An apparatus for radially expanding and plastically deforming an expandable tubular 
member, comprising: 

a support member; 

a loddng device coupled to the support member and releasably coupled tb the 
expandable tubular niemben 

an adjustable expansion mandrel adapted to be controilably expanded to a larger 
outside dimension for radial expansion and plastic deformation of ttie 
expandable tubular member or collapsed to a smaller outside dimension; and 

an actuator coupled to the locking member and the adjustabia expansion mandrel 
adapted to displace the adjustable expansion rhandrel upv/ardiy through the 
expandable tubular member to radially expand and plastically, deform a 
portion of the expandable tubular meml^r. 

20- The apparatus of claim 19, further comprising; 

a gripping assembly coupled to the support member and the actuator for 

controltebly gripping at least one of the expandable tubular member or 
another tubular member, 

21 . Hie apparatus of daim 1 9, furtiier comprising: 

one or more cup seals coupled to the support mmber for sealingly engaging the 
expandable tubular member above the adjustable expansion mandrel. 

22. The apparatus of daim 19, further comprising: 

an expansion mandrel coupled to the adjustable expansion mandrel; and 
a float collar assembly coupled to the adjustable expansion mandrel comprising: 
a float valve assembly; and 
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a sealing sleeve coupled to the float valve assembly adapted to be radially 
expanded and plastically deformed by the expansion mandrel. 

23. A method for radially expanding and plastically deforming an expandable tubular 
member within a borehole, comprising: 

supporting the expandable tubular member, an hydrauBc actuator, and an adjustable 

expansion mandrel within the borehole; 
Increasing the size of the adjustable expansion mandrel; and 
displacing the adjustaWe expansion mandrel upwardly relative to the expandable 

tubular member using the hydraulic actuator to radially expand and plastically 
defont* a portion of the expandable tubular member. . : 

24. Ihe method of daim 23. further comprising; 

reducing the size of the adjustable expansion mandrel after the portion of the 
expandable tubular member has been radlaBy expanded and piastically 
defx)rmed. 

25. The method of daim 24, further comprising: 

fluididy sealing the radially expanded and plastically deformed end of the expandable 
tubular member after reducing th& si2B of the acfiustable expansion mandrel, 
.t 

26. The method of daim 25, further comprising: 

pennitting the position of the expandable tubular member to float relative to the 

position of the hydraulic actuator after fluididy sealing the radlaliy expanded 
and plastically deformed end of the expandable tubular member. 

27. The method of daim 26, further comprising: 

injecting a hanJenable fluldic sealing material into an annulus between the 

expandable tubular member and a preexisting structure after pennitting the 
position of the expandable tubular member to float relative to the position of 
the hydraulic actuator. 

28. The method of daim 26, further comprising: 

increasing the size of the adjustable expansion mandrel after pennitting the position 
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of the expandable tubular member to float relative to the position of the 
hydraulic actuator. 

29. The method of daim 28, further comprising: 

displacing the adjustable expansion cone upwardly relative to the expandable tubular 
member to radially expand and plastically deform another portion of the 
expandable tubular member. 



30. The method of daim 29, further comprising: 

If tfie end of the other portion of the expandable tubular member overlaps with a 
preexisting structure, then 

not permitting the position of the expandable tubular member to float relative 

to the position of the hydraulic actuator, and 
displadng the adjustable expansion cone upwaidly relative to the expandable 

tubular member using the hydraulic actuator to radially expand and 

plastically defomi the end of the other pcation of the expandable . 

tubular member that overlaps with the preexisting structure. 

31 . A method for fbmilng a mono diameter wellbore casing within a borehole that 
indudes a pree;astlng welltwe casing, comprising: 

supporting the expandable tubular member, an h><lraulic actuator, and an adjustable 
expansion mandrel within the borehole; 

inCTeasIng ttie size of the adjustable expansion mandrel; 

displadng the adjustable expansion mandrel upwardly relative to the expandable 

tubular member using the hydraulic actuator to radially expand and plastically 
deforni a portion of the expandable tubular member; and 

displadng the adjustable expansion mandrel upwardly relative to the expandable 
tubular member to radially expand and plastically defonn the remaining 
portion of the expandable tubular member and a portion of the preexisting 
wellbore casing that overlaps with an end of the remaining portion of the 
expandable tubular member. 



32. The method of daim 31 , further comprising: 

redudng the stze of the adjustable expansion mandrel after the portion of the 
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expandable tubular member has been radially expanded and plastlcalty 
deformed. 

33. The methtxJ of dalm 32, further oompiisf^^^ 

fluidicly sealing the radially expanded and plastically deformed end of the expandable 
tubular member after reducing the size of the adjustable expansion mandrel. 

34. The method of daim 33, further comprising: 

permitting the position of the expandable tubular member to float relative to the 

position of the hydraulic actuator after fluidicly sealing the radially expanded 
and plastically deformed end of the expandatde tubular member. 

35. The method of daim 34, further comprising: 

inlecting a hardenable fluldic sealing material Into an annulus bet^^een the 

expandable tubular menr^r and the borehole after permitting the position of 
the expandable tubular member to float relative to Uie position of the hydraulic 
actuator. 

36. The method of daim 34, further comprising: 

increasing the size of the adjustable expansion mandrel after permitting the position 
of the ex-pandable tubular member to float retath/e to the position of the 
hydraulic actuator 

37! The method of daim 36, further comprising: 

displacing the adjustable expansion cone upwardly relative to the expandable tubular 
member to radially expand and plastically deform the remaining portion of the 
expandable tubular member. 

38. The method of claim 37, further comprising: 

not permitting the position of the expandable tubular member to float relative to the 
position of the hydraulic actuator, and 

displacing the adjustable expansion cone upwardly relative to the expandable tubular 
member using the hydraulic actuator to radially expand and plastically deform 
the end of the remaining portion of the expandable tubular member that 
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overlaps with the preexisfing wellbore casing after not permitting the position 
of the expandable tubular member to float relative to the position of the 
hydraulic actuator. 

39. An apparatus for radially expanding and plastically defonning an expandable tubular 
member, comprising: 

a support member; 

an expansion device for radiaHy expanding and plastically defomning the tubular 

member coupled to the support member; and 
an actuator coupled to the support member for displacing the expansion device 

relative to the 5uppc»t member. 

40. The apparatus of daim 39, further comprising: 

a gripping device for gripping the tubular member coupled to the support member/ 

41 . The apparatus of daim 40, vitierein the gripping device comprises a plurality of 
ntovable gripping elements. 

42. The apparatus of daim 41 , wherein the gripping elements are moveable in a radial 
direction relative to the support member. 

43. The apparatus of claim 39, further conprising: 

a sealing device for sealing an interface with the tubular member coupled to the support 
member, 

44. The apparatus of daim 43. wherein the sealing device seals an annulus defines 
between the support member and the tubular member. 

45. The apparatus of daim 39. further comprising: 

a locking device for locking the position of the tubular member relative to the support 
member. 

46. The apparatus of claim 46, wherein the locking device comprises: 

a pressure sensor for controllably unlocking the locking device from engagement with the 
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tubular member when the operating pressure within the apparatus exceeds a 
predetermined amount. 

47. The apparatus of dalm 45, wherein the locking device comprises: 

a position sensor for oontn:>nably unlod(ing the locking device from engagement witii the 
tubular member when the position of the actuator exceeds a predetermined amount. 

48. The apparatus of claim 39, wherein the expansion device comprises; 
a support member: arwJ 

a plurality of movable expansion elements coupled to the support member. 

49. The apparatus of claim 48. further comprising: 

an actuator coupled to the support member for moving the expansion elements 

between a first position and a second position: 
wherein in the first position, the expansion elements do not engage the tubular 

member; and 

wherein in the second position, the expansion elements engage the tubular member. 

50. the apparatus of claim 49, wherein the expansion elements comprise: 
a first set of expansion elements; and 

a second set of e)cpansion elements; 

wherein the first set of expansion elements are interteaved v/ith the second set of 
expansion elements. 

61 . The apparatus of claim 50, wherein in the first position, the first set of expansion 
elements are not axially aligned with the second set of expansion elements. 

52. The apparatus of claim 50, wherein in the second position, the first set of expansion 
elements are axially aligned with the second set of expansion elements. 

53. The apparatus of daim 39, wherein the expansion device comprises an adjustable 
expansion device. 

54. The apparatus of daim 39, wherein the expansion device comprises a plurality of 

70A 



AMENDED SHEET (ARTICLE 19) 



wo 2003/042487 



PCT/ljS2002/036267 



expansion devices. 

55. The apparatus of claim 54, wherein at least one of the expansion devices comprises 
an adjustable expansion device. 

56. The apparatus of dalm 55, wherein the adjustable expansion device comprises: 
a support member, and 

a plurality erf movable expansion elements coupled to the support member. 

67. The apparatus of daim 56, further comprising: 

an actuator coupled to the support member for nwing the expansion ielernents 

• between a first position and a second position; 
wherein in the first position, the expansion elements do not engage the tubular 
member; and 

wherein in the second position, the expansion elements engage the tubular member. 

58. The apparatus of dalm 57, wherein the expansion elements comprise: 
a first set of expansion elements; and 

a second set of expansion elements; 

vv'herein the firsi set of expansion elements are interleaved with the second set of 
expansion elements. 

59. The apparatus of claim 58. wheran in the first position, the first set of expansion 
elements are not axially aligned with the second set of expansion elements. 

60. The apparatus of daim 58, wherein in the second position, the first set of expansion 
elements are axially aligned with the second set of expansion elements. 

61 . An apparatus for radially expanding and plastically deforming an expandable tubular 
member, comprising: 

a support memben 

an expansion device for radially expanding and plastically deforming the tubular 

member coupled to the support member, and 
a sealing assembly for sealing an annulus defined between the support member and 

71A 



AMENDED SHEET (ARTICLE 19) 



wo 2003/042487 



PCT/liS2002/036267 



the tubular meniber. 

62. The apparatus of daim 61 , further comprising: 

a gripping device for gripping the tubular member coupled to the support member. 

63. The apparatus of daim 62« wherein the gripping devtoe comprises a pluraGty of 
movat)fe gripping elements, 

64. The apparatus of claim 63, wherein the gripping elements are moveable in a radial 
direction relative to the support member. 

65. The apparatus of daim 61 , further comprising: 

a locking device for locking the position of ttie tubular member relative to the support 
member 

66. The apparsius of dsim 65, wherein the loddng device comprises: 

a pressure sensor for controliably unlocking the k5d<lng device from engagement with the 
tubular member when the operating pressure within the apparatus exceeds a 
predetermined amount. 

67. The apparatus of daim 65, wherein the locking device comprises: 

a position sensor for oontrollably unlocking the locking device from engagement with the 
tubular member when the position of a portion of the apparatus exceeds a predetennined 
amount 

68. The apparatus of daim 61 , further comprising: 

an actuator for displadng the expansion device relative to the support member. 

69. The apparatus of dam 68, wherein the actuator comprises means for transfenlng 
torsional loads between the support member and the expansion device. 

70. The apparatus of daim 68, wherein the actuator comprises a plurality of pistons 
positioned within corresponding piston chambers. 
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71 . The apparatus of claim 61 . wherein the expansion device comprises: 
a support member, and 

a plurality of movable expansion elements coupled to the support member. 

72. The apparatus of daim 71 , further comprising: 

an artuator coupled to the support member for moving the expansion elements 

between a first portion and a second position; 
wherein In the first position, the expansion elements do not engage the tubular 

member, and 

wherein In the second position, the expansion elements engage the tubular member. 

73. The apparatus of claim 72, wherein the expansion elements comprise: 
a first set of expansion elements; and 

a second set of expansion elements; 

wherein the first set cf expansion elements are Interleaved with the second set of 
expansion elements. 

. 74. The apparatus of daim 73. wherein in the first position, the first set of expansion 
elements are not axially aligned with the second set of expansion elements. 

75. The apparatus of claim 73, wherein In the second posiiion, the first set of e?q>ansiori 
elements are axially aligned with the second set of expansion elements. 

76. The apparatus of daim 61 , wherein the expansion device comprises an adjustable 
expansion device. 

77. The apparatus of daim 61 , wherein the expansion device comprises a plurality of 
expansion devices. 

78. The apparatus of daim 77, wherein at least one of the expansion devices comprises 
an adjustable expansion device. 

79. The apparatus of daim 78, wherein the adjustable expansion device comprises: 
a support member, and 
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a plurality of movable expansion elements coupled to the support member. 

80. The apparatus of daim 79. further cximprising: 

an actuator coupled to the support member for moving the expansion elements 

between a first position and a second position; 
wherein In the first position, tfie expansion elements do not engage the tubular 

member, and 

wherein in the second position, the expansion elements engage the tubular member. 

81 . The apparatus of dalm 80, v\/hereln the expansion elements comprise: 
a first set of expansion elements; and 

a second set of expansion elements; 

wherein the first set of expansion elements are Interleaved with the second set of 
expansion elements, 

82. The apparatus of daim 81 , wherein in the first position, the first set of exj^nsion 
elements are not axially aligned with the second set of expansion elements. 

83. The apparatus of daim 81 , wherein in the second position, the first set of expansion 
. elements are a^daily silignsd with the second set of e};panslon elements. 

84. An apparatus for radially expanding and plastically deforming an expandable tubular 
member, comprising: 

a support member; 

a first expansion device for radially expanding and plastically defonning the tubular 

member coupled to the support member, and 
a second expansion device for radially expanding and plastically defomnlng the 

tubular memtier coupled to the support member. 

85. The apparatus of daim 84. further comprising: 

a gripping device for gripping the tubular member coupled to the support member 

86. The apparatus of daim 85, wherein the gripping device comprises a plurality of 
movable gripping elements. 
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87. The apparatus of claim 86, wherein the gripping elements are moveable In a radial 
direction relative to the support rnember. 

88. The apparatus of dalm 84, further comprising: 

a sealing device for sealing an Interface with the tubular member coupled to ttie support 
member. 

89. The apparatus of dalm 88, wherein the sealing device seals an annulus defines 
between the support member and the tubular member. 

90. The apparatus of daim 84, further comprising: 

a locking device for locking the position of the tubular member relative to the support 
member. 

91. The apparatus of dalm 90, wherein the locking device comprises: 

a pressure sensor for controlldbiy unlocking the kicking device ff'om er^gagement with the 
tubular member when the operating pressure within the apparatus exceeds a 
predetermined amount. 

92- The apparatus of claim 90, wherein the locking device comprises: 

a position sensor for controllably unlocking the locking device from engagement with the 

tubular member when the position of a portion of the apparatus exceeds a predetermined 

amount 

93. The apparatus of daim 84, further comprising: 

an actuator for displadng the expansion device relative to the support member. 

94. The apparatus of daim 93, wherein the actuator comprises means for transferring 
torsional loads between the support member and the expansion device. 

95. The apparatus of claim 93, wherein the actuator comprises a plurality of pistons 
positioned within corresponding piston chambers. 
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96. The apparatus of daim 84, wherein at least one of the first second expansion devices 
comprise: 

a support member; and 

a plurality of movable expansion elements coupted to the support member. 

97. The apparatus of cJaim 96, further comprising: 

an actuator coupled to the support member for moving the expansion elements 

between a first position and a second position; 
wherein in the first position, the expansion elements do not engage the tubular 

member, and 

_ wherein in the second position, the expansion elements engage the tubular member. 

98. The apparatus of daim 97, wherein the expansion elements comprise: 
a first set of expansion elements; and 

a second set of expansion elements; 

wherein the first set of expansion elsmsnts are interleaved with the second set of 
expansion elements. 

99. The apparatus of daim 98, wherein in the first position, the first set of expansion 
elements ere not a/Oally aligned with the second set of expansion elements. 

1 00. The apparatus of daim 98, wherein In the second position, the first set of expansion 
elements are axially aligned with the second set of expansion elements. 

1 01 . The apparatus of daim 84, wherein at least one of the first and second expansion 
devices comprise a plurality of expansion devices. 

1 02. The apparatus of claim 101 , wherein at least one of the fir^t and second expansion 
device comprise an adjustable expansion device. 

1 03. The apparatus of daim 1 02, wherdn the adjustable expansion device comprises: 
a support member, and 

a plurality of movable expansion elements coupled to the support member. 
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104. The apparatus of claim 103. further comprising: 

an actuator coupled to the support member for moving the expansion elements 

betvi^een a first position and a second position; 
wherein In the first position, the expansion elements do not engage the tubular 

member; and 

wherein in the second position, the expansion elements engage the tubular member. 

105. The apparatus of claim 104, wherein the expansion elements comprise: 
a first set of expansion elements; and 

a second set of expansion elements; 

wherein the first set of expansion elements are interleaved with the second set of 
expansion elements, 

1 06. The apparatus^of claim 1 05p wherein in the first posWon, the first set of expansion 
elements are not a:dally aligned with the secorul set of expansion elements. 

107» The apparatus of claim 105, wherein in the second position, the first siel of expansion 
elements are axially aligned with the second set of expansion elements. 

1 06, An apparatus for radially expanding and plastically deforming an expandable tubular 
member, comprising: 

a support member; 

a gripping device for gripping the tubular member coupled to the support member; 
a sealing device for sealing an interface wtth the tubular member coupled to the 
support meml)er, 

a locking device for locking the position of thie tubular member relative to the support 

memben 

a first adjustable expansion device for radially expanding and plastically deforming 

the tubular member coupled to the support memben 
a second adjustable expansion device for radially expanding and plastically 

deforming the tubular memt>er coupled to the support member; 
a packer coupled to the support member; and 

an actuator for displacing one or more of the sealing assembly, first and second 
adjustable expansion devices, and packer relative to the support member. 
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109- The apparatus of claim 108, wherein the locking device comprises: 

a pressure sensor for csontrpllably unlocking the locking device from engagement with the 

tubular nnember when the operating pressure within the apparatus exceeds a 

predetermined amount 

110. The apparatus of daim 108, wherein the locking device comprises: 

a position sensor for conbDOably unlocking the locking device from engagement vrith the 
tubular mmber vrtien the position of a portion of the apparatus exceeds a pr^etermined 
amount. 

111. The apparatus of daim 1 08, wherein the gripping device comprises a plurality of 
movable gripping elements. 

112. The apparatus of daim 111, wherein the gripping elements are moveable in a radial 
direction relative to the support member. 

1 1 3. The apparatus of daim 1 08, wherein the sealing device seals an annulus defines 
between the support member and the tubular member. 

1 14. The apparatus of daim 108, wherein the actuator comprises means for transvening 
torsional k>ads between the support member and the expansion devtee. 

115. The apparatus of daim 108, wherein the actuator comprises a plurality of pistons 
positioned witMn corresponding piston chambers. 

116. The apparatus of claim 108, wherein at least one of the adjustable expansion devices 
comprise: 

a support memben and 

a plurality of movable expansion elements coupled to the support member. 

117. The apparatus of daim 116, further comprising; 

an actuator coupled to the supporii member for n:K}V}ng the expansion elements 
between a first position and a second position; 
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Wherein in the first position, the expansion elements do not engage the tubular 
member, and 

wherein in the second position, the expansion elements engage the tubuiar member. 

118. Tlie apparatus of claim 117, wherein the expansion elements comprise: 
a first set of expansion elements; and 

a second set of expansion elements; 

wherein the first set of exp^lon elements are interleaved with the second set of 
expansion elements. 

119. The apparatus of dsdm 118, wherein in the first position, the first set df expansion 
elements are not axlaliy aligned with the second set of expansion elernents. 

1 20. The apparatus of da im 1 1 8, wherein in the second position , the first set of expansion 
elements are axially aligned with the second set of expansion elements. 

121 . The apparatus of daim 108, wherein at least one of the adjustable expansion devices 
comprise a plurality of expansion devices. 

122. The apparatus of daim 121 , v/herein at least one of the adjustable expansion devices 
comprise; 

a support member; and 

a plurality of movable expansion elements coupled to the support member. 

1 23. The apparatus of daim 1 22, further comprising: 

an actuator coupled to the support member for moving the expansion elements 

between a first position and a second position; 
wherein in the first position, the expansion elements do not engage the tubular 

member; and 

wherein In the second position, the expansion elements engage the tubular member. 

1 24. The apparatus of daim 1 23, wherein the expansion elements comprise: 
a first set of expansion elements; and 

a second set of expansion elements; 
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wherein the first set of expansion elements are interleaved with the second set of 
expansion elements. 

125. The apparatus of daim 124, wherein in the first position, the first set of expansion 
elements are not axlally aligned with the second set of expansion elements. 

126. The apparatus of dalm 124, wherein in the second position, the first set of expansion 
elements are axlally aligned with the second set of expansion elements. 

1 27. An actuator, comprising; 
a tubular housing; 

a tubular piston rod movably coupled to and at least partially positioned within the housing; 
a plurality of annular piston chambers defined by the tubular housing and the tubular pteton 
rod; and 

a pluraliiy of tubular pistons coupled to the tubular piston rod, each tubular piston movably 
positioned within a coaesponding annular piston diamber. 

1 28. The actuator of claim 1 27, further comprising means for transmitting torsional loads 
between the tubular housing and the tubular piston rod. ^ 

129. A method of radially expanding and plasticall>' ddbrming an e;cpandabl£ tubular 
member within a borehole having a preexisting wellbore casing, comprising: 

positioning the tubular nnember within the borehde in overlapping relation to the 
wellbore casing; 

radially expanding and plastically deforming a portion of the tubular member to form 
a bell section; and 

radially expanding and plastically deforming a portion of the tubular member above 
the bell section comprising a portion of the tubular member that overlaps with 
the wellbore casing; 

vtfherein the Inside diameter of the bdl section is greater than the inside diameter of 
the radially expanded and plastically deformed portion of the tubular member 
above the bell sedion. 

130. The method of daim 129, wherein radially expanding and plastically deforming a 
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portion of the tubular member to fomi a bell section comprises: 

positioning an adjustable expansion device within the expandable tubular member; 
supporting the expandable tubular member and the adjustable expansion device 
within the borehole; 

lowering the adjustable expansion device out of the expandable tubular member; 
increasing the outside dimension of the ac^stable expansion device; and 
displacing the adjustable expansion device upwardly relative to the expandable 

tubular member n times to radially e)q?and and plastically deform n portions of 
the expandable tubular member, wherein n is greater than or equal to 1. 

1 31 . A method for radially expanding and plastically deforming an expandable tubular 
member within a borehole, comprising: 

supporting the expandable tubular member, an hydraulic actuator, and an adjustable 

expansion device within the borehole; 
increasing the size of the adjustable expansion device; and 
displacing the adjustable expansion devios upv/ardly relative to the expandable 

tubular member using the hydraulic actuator to radially expand and plastically 

deform a portion of the expandable tubular member. 

1 32. The method of claim 1 31 , further comprising: 

i^udng the sxzs of the adjusiable erq^ansion device afSisr the portion of the 

expandable tubular member has been radially expanded and plastically 
defomied. 

1 33. The method of claim 1 32, further comprising: 

fluididy sealing the radially expanded and plastically deformed end of the expandable 
tubular member after redudng the size of the adjustable expansion device. 

1 34. The method of daim 133, further comprising: 

pemiitGng the position of the expandable tubular member to float relative to the 

position of the hydraulic actuator after fluididy sealing the radially expanded 
and plastically deformed end of the expandable tubular member. 
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1 35. The method of claim 1 34. further comprising: 

injecting a hardenablefluidic sealing material into an annulus between the 

expandable tubular member and a preexbling structure after pemiftting the 
position of the expandable tubular member to float relative to the posrtron of 
the hydraulic aerator. 



1 36. The method of claim 1 34, further comprising: 

increasing the size of the adjustable expansion device after pemnitting the position of 
the expandable tubular member to float relative to the position of the hydraulic 
actuator. 



137. The method of daim 136, further comprising; 

displadng the adjustable expansion cone upwardly relative to the exjpandable tubular 
member to radially expand and plastically deform another portion of the 
expandable tubular member. 



136. Themethodof claim 137, further comprising: 

If the end of the other portion of the expandable tubular member overlaps with 
a preexisting structure, then 

not permitting the position of the expandable tubular member to float 

relalive to the position of the hydraulic aerator, and 
displacing Ihe adjustable expansion cone upwardly relative to the 
expandable tubular member using the hydraulic actuator to 
radially expand and plastically deform the end of the other 
portion of the expandable tubular member that overlaps with 
the preexisting structure. 



1 39. A method for forming a mono diameter wellbore casing within a borehole that 
includes a preexisting wellbore casing, comprising: 

supporting the expandable tubular member, an hydraulic actuator, and an adjustable 

expansion device within the borehole; 
increasing the size of the adjustable expansion device; 
displacing the adjustable expansion device upwardly relative to the expandable 

tubular member using the hydraulic actuator to radially expand and plastically 
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deform a portion of the expandable tubular member, and 
displacing the adjustable expansion device upwardly relative to the expandable 
tubular member to radially expand and plastically defonn the remaining 
portion of the expandable tubular member and a portion of the pree>dsting 
weflbore casing that overlaps with an end of the remaining portion of the 
expandable tubular member. 

140. The method of daim 1 39, further comprising: 

reducing the size of the adjustable expansion device after the portion of the 

expandable tubular member has t>een radially expanded and plastically 
deformed/ 

1 41 . The method of daim 140, further comprtsfrig; 

fluidiciy sealing the radially expanded and piastically deformed end of the expandable 
tubular member after redudng the size of the adjustable expansion device. 

142. The method of claim 141, further comprising: 

permitting the position of the expandable tubular member to float relative to the 

position of the hydraulic actuator after fluidldy sealing the radially expanded 
and plastically deformed end of the expandable tubular member. 

143. The method of claim 142, further comprising: 

injecting a hardenable fluidip sealing material into an annulus between the 

expandable tubular member and the borehole after permitting the position of 
the expandable tubular member to float relative to the position of the hydraulic 
actuator. 

144. The method of claim 142, further comprising: 

increasing the size of the adjustable expansion device after permitting the position of 
the expandable tubular member to float relative to the position of the hydraulic 
actuator. 



B3A 



AMENDED SHEET (ARTICLE 19) 



wo 2003/042487 



PCT/US2002/036267 



145* The method of daim 144. further cxjmprising: 

displacing the adjustable expansion cone upwardly relative to the expandable tubular 
member to radially expand and plastically defonii tiie remaining portion of the 
expandable tubular member. 

1 46. The method of claim 145, further comprising: 

not permitting the position of the expandable tubular member to float relative to the 

position of the hydraulic actuaton and 
displadng the adjustable expansion cone upwardly relative to the expandable tubular 

member using the hydraulic actuator to radially expand and plastically defomi 
;\ the end of the remaining portion of the expandable tubular member that 

overlaps with the preexisting wellt?ore casing after not permitting the position 

of the expandable tubular member to float relative to the position of the 

hydraulic actuator. 

147. A method of radially expanding and plastically defomning a tubular member, 
comprising: 

positioning the tubular member within a preexisting stmcture; 

radially expanding and plastically deforming a lower portion of the tubular memt}er to 

fonm a bell section; and 
radially expanding arid plastically deforming a portion of the tubular member above 

tiie bell section. 

1 48. The method of claim 147, wherein positioning the tubular member within a 
preexisting structure comprises: 

locl<ing the tubular member to an expansion device. 

1 49. TTie metiiod of daim 1 48, wherein positioning the tubular member within a 
preexisting structure comprises: 

unlocking tiie tubular member from an expansion device if the operating pressure 
within the preexisting structure exceeds a predetermined annount. 

1 50. The method of claim 148, wherein positioning the tubular member wrttiiin a 
preexisting structure comprises; 
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unlocking the tubular member from an expansion device if the position of an actuator 
coupled to the tubular member exceeds a predetermined amount 

151 . The method of claim 147, wherein radidly expanding and plastically defomiing a 
tower portion of the tubular member to fomri a bell section comprises: 

lowering an expansion device out of an end of the tubular member; and 
pulling the expanskan device through the end of the tubular member. 

1 52. The method of daim 1 51 , wherein lowering an expansion device out of an end of the 
tubular member comprises: 

lowering ttie expansion device out of the end of the tubular memben and 
adjusting the size of the expansion device. 

1 53. The method of dalm 152, wherein the expansion device is adjustable to a plurality of 
sizes. 

1 54. The method of claim 1 52, wherein the expansion device comprises a plurality of 
adjustable expansion devices. 

165. The method of claim 154, wherein at least one of the adjustable expansion devices is 
adjustable to a plurality' of sisss. 

1 56. The method of claim 151 , wherein pulling the expansion device through the end of 
the tubular member comprises; 

gripping the tubular member; and 

pulling an expansion device through an end of the tubular member. 

1 57. The method of claim 156, wherein gripping the tubular member comprises: 
permitting axial displacement of the tubular member In a first direction; and 
not penrotting aOal displacement of the tubular member in a second direction. 

1 58. The method of claim 156, wherein pulling the expansion device thn^ugh the end of 
the tubular member comprises: 

pulling the expansion device through the end of the tubular member using an 
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actuator. 

159. The method of claim 142. wherein radially expanding and plastically defonning a 
portion of the tubular member above the bell secBon comprises: 

lowering an expansion device out of an end of the tubular member, and 
pulling the expansion device through the end of the tubular member. 

160. The method of daim 159, wherein lowering an expansion device out of an end of the 
tubular member comprises: 

lowering the expansion device out of the end of the tubular member; and 
adjusting the sizei of the expansion device, 

1 61 . The method of daim 1 60, wherein the expansion device is adjustable to a plurality of 

sizes. 

1 62. Ths method of claim 1 60, wherein the expansion device comprises a plurality of 
adjustable expansion devices, 

1 63. The method of daim 1 62. wherein at least one of the adjustable expansion devices is 
adjustable to a plurality of sizes. 

164. The method of claim 159, wherein pulling the expansion device through the end of 
the tubular member comprises; 

gripping the tubular member, and 

putting an expansion device through an end of the tubular member. 

1 65. The method of daim 1 64, wherein gripping the tubular member comprises: 
pemiitting axial displacement of the tubular member in a first direction; and 
not permitting axial displacement of the tubular member in a second diredion, 

1 66. The method of daim 1 64, wherein pulling the expansion device thnjugh the end of 
the tubular member comprises: 

pulling the expansion device through the end of the tubular member using an 
actuator. 
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167. The method of claim 159, wherein pulling the expansion device through the end of 
the tubular meml>er oomprises: 

pulling the expansion device through the end of the tubular member using fluid 
pressure. 

168. The method of daim 167, wherein pulling the e}43ansion device through Vhe end of 
the tubular member using fluid pressure comprises'. 

pressurizing an annulus within the tubular member above the expansion device. 

169. The method of daim 147, wherein radially expanding and plastically deforming a 
portion of tlie tubular member atiove the bell section comprises; 

fiuididy sealing an end of the tubular member; and 
pulling the expansion device through the tutnilar member. 

170. The msthod of daim 169, vjherein the expansion device Is adjustable. 

171 . The method of daim 170, vyherein the expansion device is adjustable to a plurality of 
sizes. 

172. The method dafm 169, wherein tlis expansion de\'ice comprl$^ a plufalit^' of 
adjustable expsnsion devices. 

173. The method of claim 172, wherein at least one of the adjustable expansion devices is 
adjustable to a plurality of sizes. 

174. The method of daim 169, wherein pulling the expansion device through the end of 
the tubular member comprises; 

gripping the tubular member; and 

pulling an expansion device through an end of the tubular member. 

175. The method of claim 174, wherein pulling the expansion device through the end of 
the tubular member comprises: 

pulling the expansion device through the end of the tubular member using an 
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actuator. 

176. The method of daim 169, wherein pulling the expansion device through the end of 
the tubular meml>er comprises: 

pulling the expansion device through the end of the tulHilar member using fluid 
pressure. 

177. The method of daim 176, wherein putting tlie expansion device through the end of 
the tubular member using fluid pressure comprises: 

pressurizing an annulus within the tubular member above the expandon device. 

178. The method of dafm 147. wherein radially expanding and plastically defom>lng a 
portion of the tubular member above the bell section comprises: 

overlapping the portion of the tubular member above the bell section witfi an end of a 

preexisting tubular member; and 
pulling an expansion device through the overlapping portions of the tubular memt>er 

and the preexisting tubular member 

179. The method of daim 178. wherein the expansion device is adjustable. 

1 80. The method or daim 179, whereiii ths e5;pan$lon device is adjustabtei to a plurality of 
sizes. 

181. The method of daim 176, wherein the expansion de>^'ce comprises a plurality of 
adjustable expansion devices. 

1 82. The method of daim 1 81 , wherebi at least one of the adjustable expansion devices is 
adjustable to a plurality of sizes. 

183. The method of daim 178, wherein pulling the expansion de^^ce through the 
overlapping portions of the tubular member and the pree>dsting tubular member comprises: 

gripping the tubular member; and 

pulling the expansion device through the overlapping portions of the tubular member 
and the preexisting tubular member. 
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1 84. The method of claim 1 83. wherein pulling the expansion device through the 
overiapping portions of the tubular member and the preexisting tubular member comprises: 

pulling the expansion devioe through the overlapping portions of the tubular member 
and the pre6)dsting tubular member using an actuator. 

185. The method of claim 1 78, wherein pulling the expansion device through the 
overlapping portions of the tubular member and the preexisting tubular member comprises: 

pulling the expansion device through the overiapping portions of the tubular member 
and the preexisting tubular member using fluid pressure. 

1 86. The method of daim 1 85, wherein pullmg the expansion device through the 
overlapping portions of the tubular member and tfie preexisting tubular member using fluid 
pressure comprises: 

pressurizing an annulus witinin the tubular member above the expansion device. 

187. The metiiod of claim 147, further coniprising: 

injecting a hardenable fluidic sealing material into an annuius between the 
expandable tubular member and the preexisting structure. 

1 88. A method of inj'scting a hardenable fluidic sealing material into an annulus between a 
tubular member and a preexisting structure, comprising: 

positioning tiie tubular member Into ttie preexisting stnicture; 
sealing off an end of the tubular member; 
operating a valve witiii'n the end of ttie tubular member, and 
ir^ecting a hardenable fluidic sealing material through the valve Into tiie annulus 
between ttie tubular member and the preexisting structure. 

1 89. A method of engaging a tubular member, comprising: 
positioning a plurality of elements witiiin tiie tubular member, and 
bringing tiie elements info engagement witii the tubular member. 

1 90. The method of daim 1 89, wherein tiie elements comprise: 
a flrst group of elements; and 
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a second group of elements; 

wherein the first group of elenaents are interleaved with the secxind group of 
elements. 

191. The method of claim 189, wherein bringing the elements into engagement with the 
tubular member comprises: 

bringing the elements Into axial alignment 

1 92. The method of claim 189, wherein bringing the elements into engagement with the 
tubular member further comprises: 

pivoting the elements. 

193. The method of dalm 1 89. wherein bringing the elements into engagement with the 
tubular member further comprises: 

translating the elements. 

194. The method of dalm 189, wherein bringing the elements into engagement with the 
tubular member further comprises: 

pivoting the elements: and 
translating the elements. 

1 95. The method of datm 1 89, wherein bringing the elements Into engagement with the 
tubular member comprises: 

rotating the elements about a conrvnon axis. 

1 96. The method of dalm 1 89, wherein bringing the elements into engagement with the 
tubular member comprises: 

pivoting the elements about corresponding axes; 

translating the elements; and 

rotating the elements about a common axis. 

1 97. The method of daim 1 89, further comprising; 

preventing the elements from coming Into engagement with the tubular member if the 
inside diameter of the tubular member is less than a predetermined value. 
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1 98. The method of daim 197. wherein preventing the elements ftom coming into 
engagement with the tubular member if the inside diameter of the tubular member is less 
than a predelennlned value comprises: 

sensing the Inside diameter of the tubular member. 

199. A locking device for loddng a tubular member to a support member, comprising: 
a radially movable locking device coupled to the support member for engaging an interior 

surface of the tubular member. 

200. The device of claim 199, further comprising: 

a pressure sensor for oontrollably untocking the tacking device from engagement with the 
tubular member when an operating pressure exceeds a predetermined amount 

201. The device of dalm 1 99. further comprising: 

a position sensor for controllabh/ unlocking the locking device from engagement vflth the 
tubular member when a position exceeds a predetemiined amount 



202. A mefliod of tocWng a tubular men*erto a support member, comprising: 
locking a kjclcing element in a position Uiat engages an interior surface of ttie tabular 

member. 

203. The method of daim 202, hirther comprising: 

controllably unlocking the toddng element from engagement with the tubular member when 
an operating pressure exceeds a predetemiined amount 

204. The method of claim 202, further compri^g: 

oontrollably unlod<ing the loddng element from engagement with the tubular member when 
a position exceeds a predetemiined amount 

205. A system for radially expanding and plastically defbmiing an expandable tubular 
member within a borehole, comprising: 

means for posittoning an adjustable expansion mandrel within the expandable tubular 
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member, 

means for supporting the expandable tubular member and the adjustable expansion 

mandrel within the borehole; 
means for lowering ttie adjustable expansion mandrel out of the expandable tubular 

member; 

means for increasing the outside dimension of the adjustable expansion mandrel; 
and 

means for displadng the adjustable expansion mandrel upwardly relative to the 

expandable tubular member n times to radially expand and plasticaily deform 
n portions of the expandable tubular member. 

206. A system for fomiing a mono diameter wellbore casing, comprising: 
positioning an adjustable expansion mandrel within a first expandable tubular member; 
means for supporting the first expandable tubular member and the adjustable 

ej^pansion mandrel within a borehole; 
means for lowering the adjustable expansion mandrel out of the first expandable 
tubular member; 

means for Increasing the outside dimension of the adjustable expansion mandrel; 

means for displacing the adjustable expansion mandrel upwardly relative to the first 
s:;pandable tubular member m tlm^ to radisliy e?cpand and plastically deform 
m portions of the first expandable tubular member within the Ijop&hote; 

means for positioning the adjustable expansion mandrel within a second expandable 
tubular memb^, 

means for supporting the second expandable tubular member and the adjustable 
expansion mandrel within the borehole in overlapping relation to the first 
expandable tubular member; 

means for lowering the adjustable expansion mandrel out of the second expandable 
tubular member, 

means for increasing the outside diinension of the adjustable expansion mandrel; 
and 

means for displacing the adjustable expan^on mandrel upwardly mlative to the 

second expandable tubular member n times to radially expand and plastically 
deform n portions of tiie second expandable tubular member within tiie 
borehole. 
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207. A system for radially expanding and plastically deforming an expandable tubular 
member within a borehole, comprising: 

means for positioning an adjustable expansion mandrel within the expandable tubular 
member. 

means for supporting the expandable tubular member and the adjustable expansion 

mandrel wittiln the borehole: 
means for loweriog the adjustable expansion mandrel out of the expandable tubular 

memben 

means for Increasing the outside dimension of the adjustable expansion mandrel; 

means for displadng the adjustable expansion mandrel upwardly relative to the 

expandable tubular member n times to radially expand and plastically defomi 
n portions of the expandable tubular member within the borehole; and 

means for pressurizing an interior region of the expandable tubular member above 
the adjustable expansion mandrel during the radial expansion and plastic 
defonnation of the expwdable tubular member witliin the borehole. 

208. A system for fonnfng a mono diameter wellbore casing, comprising: 

means for positioning an adjustable expansion mandrel within a first expandable 
tubular member, 

means for supporting the first expandable tubular member and the adjustable 

expansion mandrel within a borehole; 
means for lowering the adjustable expansion mandrel out of the first expandable 

tubular member, 

means for increasing the outside dimension of the adjustable expansion mandrel; 

means for displadng the adjustable expansion mandrel upwardly relative to the first 
expandable tubular member m times to radially expand and plastically deform 
m portions of the first expandable tubular member within the borehole; 

means for pressurizing an interior region of the first expandable tubular member 
above the adjustable expansion mandrel during tiie radial expansion and 
plastic deformation of the first expandable tubular member within the 
borehole; 

means for positioning the adjustable expansion mandrel within a second expandable 
tubular member, 
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means for supporting the second expandable tubular member and the adjustable 
expansion mandrel within the borehole In overlapping relation to the first 
expandable tubular member, 

means for lov/ering the adjustable ©Kpanslon mandnel out of the second expandable 
tubular member, 

means for increasing the outside dimen^n of the adjustable expanston mandrel; 

means for displadng the adiustabie expansion mandrel upwanily relafive to the 

second expandable tubular member n times to radially expand and plastically 
defomi n portions of the second expandable tubular member within the 
borehole; and 

means for pressurizing an interior region of the second expandable tubular member 
above the adjustable expansion mandrel during the radial expansion and 
plastic deformation of the second expandable tubular member within the 
borehole. 

209. A system for drlllir^g a borehole within a subtenranean fonnatlon and then radially 
expanding and plastically deforming an expandable tubular member within the drilled 
bonehole, comprising: 

means for positioning an adjustable expansion mandrel within the expandable tubular 

member; 

means for coupling a drilling member to an end of the expandable tutelar member; 

means for drilling the borehole u^ng the drilling member, 

means for positioning the adjustable expansion mandrel and the expandable tubular 

member within the drilled borehole; 
means for lowering the adjustable expanston mandrel out of the expandable tubular 

member; 

means for increasing the outside dimension of the adjustable expansion mandrel; 
and 

means for displacing the adjustable expansion mandrel upwardly relative to the 

expandable tubular member n times to radially expand and plastically deform 
n portions of the expandable tubular member witt^ln the drilled borehole. 

210. A system for fonning a mono diameter weilbore casing within a borehole, comprising: 
means for positioning an adjustable expansion mandrel within a first expandable 
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tubular memben 

means for coupHng a drtlttng member to an end of the first expandable tubular 
memben 

means tor drilling a first section of the borehole u$lng the drilling member, 
means for supporting the first expandable tubular member and the adjustable 

expansion mandid wttWn the driBed first secBon of the borehole; 
means for lowering the acflustabte expansion mandrel out of the first expandable 

tutailar memben 

means tor Increasing the outside dimension of the adjustable expansion mandrel; 

means for displacing the adjustable expansion mandrel upwardly relative to the first 
expandable tubular member m times to radially ^^^^ 
m portions of the first expandable tubular member within the drilled first 
section of the borehole; 

means for positloriing the adjustable expansion mandrel Within a second expandable 

tubular memben 

means for coupling the drilHng member to an end of the second expandable tubular 

;;miBmber; 

means for drilling a second secHpri of the borehole using the drilling member, 
means for supporting the second expandable tubular member and the adjustable 
expansion mandrel within the borehole in overiapping relation to the first 
©jcpandable tubular member within the second drilled section of the borehote; 
means for lowering the adjustable expansion mandrel out of tiie second expandable 
tubular member, 

means for Increasing the outside dimension of the adjustable expansion mandrel; 
and 

means for displadng the adjustable expansion mandrel upwardly relative to the 

second expandable tubular member n times to radiaWy expand and plastically 
deform n portions of the second expandable tubular rrember within the drilled 
second section of the borehole. 

21 1 . A system for drilling a borehole within a subten^anean formation and then radially 
expanding and plastically deforming an expandable tubular member within the drilled 
borehole, comprising: 

means for positioning an adjustable expanston mandrel within the expandable tubular 
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memben 

means for coupling a drilling member to an end of the expandable tubular member, 
means for drilling the borehole using the drilling member; 

means for positioning the adjustable expansion mandrel and the expandable tubular 

member within the drilled borehole; 
means for lowering the adjustable expansion mandrel out of the expandable tubular 

member; 

means for increasing the outside dimension of the adjustable expansion mandrel- 
means fordlspladng the adjustable expansion mandnsi upwanlly relative to the 

expandable tubular member n times to radially expand and plastically deform 
■ n portions of the expandable tubular member within the drilled borehole; and 
means for pressuring an interior portion of the expandable tubular mernber above the 
adjustable expansion mandrel during the radial expansion and plastic 
deformation of the expandable tubular member within the drilled borehole. 

21 2- A system for fomiing a mono diameter wellbore casing within a borehole, comprising: 
. means for positioning an adjustable expansion mandrel within a first expandable 
tubular member, 

means for coupling a drilling member to an end of the first expandable tubular 
msmber; 

means for drilling a first section of the fcjorehole using tiie drilling member, 
means for suppoHnng the first expandable tubular member and ths adjustable 

expansion mandrel within the drilled first sedion of the borehole; 
means for lowering the adjustable expansion mandrel out of the first ^andable 

tubular member; 

means for increasing the outside din^nsion of the adjustable expansion mandrel; 

means for displadng the adjustable expansion mandrel upwardly relative to the first 
expandable tubular member m times to radiaUy expand and plastically defonn 
m portions of the first expandable tubular member within the drilled first 
section of the borehole; 

means for pressuring an interior portion of the first expandable tubular member 
above the adjustable expansion mandrel during the radial expansion and 
plastic deformation of the first expandable tubular member within the first 
drilled section of the borehole; 
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means for positioning the adjustable expansion mandrel within a second expandable 
tubularnnember; 

means for coupling the ddHIng member to an end of the second expandable tubular 
member, 

means for drilling a second section of the borehole using tiie drilling member; 

means for supporting the second expandable tubular member and ttie adjustable 
expansion mandrel within the borehole In overlapping relation to the first 
expandable tubular memt>er within ttie second drilled section of the borehole; 

means lor lowering the adjustable expansion mandrel out of the second expandable 
tubular member; 

means for Increasing the outside dimension of the adjustable expansion mandrel; 

means for displacing the adjustable expansion mandrel upwardly relative to the 

second expandable tubular member n times to radially expand and plastically 
defomn n portions of the second expandable tubular member within the drilled 
second section of the borehole; and 

means for pressuring an interior portion of the second expandable tubular member 
above the adjustable expansion mandrel during the radial expansbn and 
plastic deformation of the second expandable tubular member viiithin the 
dniled second section of the borehole. 



21 3. A system for radially expanding and plastically defomriing an expandable tubular 
member within a borehole, comprising: 

means for positioning first and second adjustable expansion mandrels within the 

expandable tubular member; 
means for supporting the expandable tubular member and the first and second 

adjustable expansion mandrels within the borehole; 
means for lowering the first adjustable expansion mandrel out of the expandable 
tubular member. 

means for increasing the outside dimension of the first adjustable expansion 
mandrel; 

means for displacing the first adjustable expansion mandrel upwardly relative to the 
expandable tubular member to radially expand and plastically defonti a lower 
portion of the expandable tubular member; 

means for displacing the first adjustable expansion mandrel and the second 
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adjustable expansion mandrel downwardly relative to the expandable tubular 
nriember; 

means for decreasing the outside dimension of the first adjustable expansion 
mandrel and increasing the outside dimension of the second adjustable 
expansion mandrel; 

means fordispladng the second adjustable expansion mandrel upwardly relative to 
the expandable tubular member to radially expand and plasticaity deform 
portions of the expandable tubular member above the lower portion of the 
expandable tubular member; 

wherein the outside dimension of the first adjustable expansion mandrel Is greater 
than the outside dimension of the second adjustable expansion mandrel. 

214. A system for forming a mono diameter wellbore casing, comprising: 

means for positioning first and second adjustable expansion mandrels within a first 

expandable tubular member; 
means for supporting the first expandable tubular member and the first and second 

adjustable expansion mandrels within a borehole; 
means for lowering the first adjustable expansion mandrel out of the first expandable 

tubular member, 

means for Increasing the outside dimension of tiie first acQustabie expansion 
mandrel; 

means for dlspladng the fii^t adjustable expansion mandrel upwardly relative to the 

first expandable tubular member to radially expand and plastically deform a 

lower portion of the first expandable tubular member; 
means for displacing the first adjustable expansion mandrel and the second 

adjustable expansion nnandrel downwardly relative to the first expandable 

tubular member; 

means for decreasing the outstde dimension of the first adjustable expansion 
mandrel and increasing the outside dimension of the second adjustable 
expansion mandrel; 

means fordispladng the second adjustable expansion mandrel upwardly relative to 
the first expandable tubular member to radially expand and plastically deform 
portions of the first expandable tubular member above the lower portion of the 
expandable tubular member, 
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means for positioning first and second adjustable expansion mandrels within a 

second expandable tubular member, 
means for supporting the first expandable tubular member and the first and second 

adjustable e^ansion mandrels within the borehole in overtapping relation to 

the first expandable tubular member; 
means for lowering the first adjustable expansion mandrel out of the second 

expandable tubular member; 
means for increasing the outside dimension of the first adjustable expansion 

mandrel; 

means for displacing the first adjustable expansion mandrel upwardly relative to the 
second expandable tubular member to radially expand and plastically deform 
a lower portion of the second expandable tubular member; 

means for displadng the first adjustable expansion mandrel and the second 

adjustable expansion mandrel downwardly relative to the second expandable 
tubular member; 

means for decreasing the outside dimension of the first adjustable ejqaansion 
mandrel and increasing the outside dimension of the second adjustable 
expansion rnandrel; and 

means for displacing the second adjustable expansion mandrel upwardly relative to 
the second expandable tubular member to radially expand and plastically 
deform portions di the second expandable tubular member above tfie lower 
portion of the seoond ^pandable tubular member 

wherein the outside dimension of the first adjustable expansion mandrel is greater 
than the outside dimension of the second adjustable expansion mandrel. 

21 5. A system for radially expanding and plastically deforming an expandable tubular 
member within a borehole, comprising: 

means for positioning first and second adjustable expansion mandrels within the 

expandable tubular member; 
means for supporting the expandable tubular member and the first and second 

adjustable expansion mandrels wtthUi the borehole; 
means for lowering the first adjustable expansion mandrel out of the expandable 
tubular member; 

means for increasing the outside dimension of the first adjustable ei^ansion 
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nnandrei; 

means for displacing the first adjustable expansion mandrel upwardly relative to the 

expandable tubular member to radially expand and plastically defonn a bwer 

portion of the expandable tubular member, 
means for pressurizing an interior region of the ©(pandable tubular member at>ove 

the first adjustable expansion mandrel during the radial expansion of the 

lower portion of the expandable tubular member by the first adjustable 

expansion mandrel; 
means for displacing the first adjustable expansion mandrel and the secorKi 

adjustable eocpansion mandrel downwardly relative to the expandable tubular 

member; 

means for decreasirig the outside dimension of the first adjustable expansioh 
mandrel and increasing the outside dimension of the second adjustable 
expansion mandrel; 

means for displacing the second adjustable expansion mandrel upwardly relative to 
the expandable tubular member to radially expand and plastically deform 
portions of the e}cpandable tubular inember above the lower portion of the 
expandable tubular member, and 

means for pressurizing an interior region of the e)qiahdabfe tubular member above 
the second adjustable expansion mandrel during the radial expansion of the 
portions of the e;q3ardable tubular member above th& lower portion of tlie 
expandable tubular member by the second adjustable expansion mandrel; 

wherein the outside dimension of the first adjustable expansion mandrel is greater 
than the outside dimension of the second adjustable expansion mandrel. 

21 6. A system for fomning a mono diameter weilbore caskig, comprising: 

means for positioning first and second adjustable expansion mandrels within a first 

expandable tubular member; 
means for supporting the first expandable tubular member and the first and second 

adjustable expansion mandrels within a borehole; 
means for lowering the first adjustable expansion mandrel out of the first expandable 

tubular member; 

means for increasing the outside dimension of the first adjustable expansion 
mandrel; 
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means for displacing the first adjustable expansion mandrel upwardly relative to the 

first expandable tubular member to radially expand and piasticdlly deform a 

lower portion of the first expandable tubular member; 
means for pressurizing an interior region of the first expandable tubular member 

above the first adjustable expansion mandrel during the radial expansion of 

the lower portion of the first expandable tubular member by the first 

adjustable expansion mandrel; 
means for displacing the first ac^ustable expansion mandrel and the second 

adjustable expansion mandrel downwardly relative to the first expandable 

tubular member; 

means for decreasing the outside dimension of tiie first adjustable expansion 
mandrel and increasing the outside dimension of the second adjustable 
expansion mandrel: 

means for displacing the second adjustable expansion mandrel upwardly relative to 
the first expandable tubular member to radially expand and plastically deform 
portions of the first expandable tubular member above tJ^e lov/er portion of the 
expandabis tubular msmben 

means for pressurizing an interior region of the first expandable tubular member 
above the second adjustable expansion mandrel during the radial expansion 
of the portions of the first expandable tubular member above the lower portion 
of the first er^andable tubular member by the second adjustable e^cpansion 
mandrel; 

means for positioning first and second adjustable e^qiansion mandrels within a 

second expandable tubular member; 
means for supporting the first expandable tubular member and the first and second 

adjustable expansion mandrels within Qie t>orehole in overlapping relation to 

the first expandable tubular member; 
means for lowering the first adjustable expansion mandrel out of the second 

expandable tutnilar member, 
means for increasing the outside dimension of the first adjustable expansion 

mandrel; 

means for displacing the first adjustable expansion mandrel upwardly relative to the 
second expandable tubular member to radially expand and plastically deform 
a lower portion of the second expandable tubular member; 
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means for pressurizing an interior region of the second expandable tubular member 
above the first adjustable expansion mandrel during the radial expansion of 
the lower portion of the second expandable tubitfar member by the first 
adjustable expansion mandrel; 

means for displacing the first adjustable expansion mandrel and the second 

adjustable expansion mandrel downwardly relative to the second expandable 
tubular member; 

means for decreasing the outside dimension of the first adjustable expansion 
mandrel and Increasing the outside dimension of the second adjustable 
expansion mandrel; 

means for displacing 4ie second acUustable expansion mandrel upwardly relative to 
the second expandable tubular member to radially expand and plastically 
deform portions of the second expandable tubular member above the lower 
portion of the second expandable tubular member, and 

means for pressurizing an interior region of the second expandable tubular member 
above the second edjusfable expansion mandrel during the radial expansion 
of the portions of the second ^cpandabla tubular member above the lower 
portion of the second expandable tubular member by the second adjustable 
expansion mandrel; 

wherein the outside dimension of the first adjustable expansion mandrel is greater 
than the outside dimension of the second adjustable e;?pansion mandrel. 

21 7. A system for radially expanding and plastically deforming an expandable tubular 
member within a borehole, comprising: 

means for supporting the expandable tubular member, an hydraulic actuator, and an 

adjustable expansion mandrel within the borehole; 
means for Increasing the size of the adjustable expansion mandrel; and 
means for displacing the adjustable expansion mandrel upwardly relative to the 
expandable tubular member using the hydraulic actuator to radially expand 
and plastically deform a portion of the expandable tubular member. 

21 8. The system of claim 21 7, further comprising: 
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means for reducing the size of the adjustable expansion mandrel after the portion of 
the expandable tubular member has been radially expanded and plastically 
deformed. 

21 9. The system of claim 218, further comprising: 

means for fluididy sealing the radially expanded and plastically deformed end of the 
expandable tubular member after reducing the size of the adjustable 
expansion mandrel. 

220. The system of daim 21 9, further comprising: 

means for permitting the position of ttie expandable tubular member to float relative 
to the position of the hydraufic actuator after flutdtdy seeling the radially 
expanded and plastically deformed end of the expandable tubular member. 

221 . The system of daim 220. further comprising: 

means for Injecting a hardenable fluidic sealing nriaterial Into an annulus betvyeen the 
expandable tubular member and a preaxist'tng structure after permitting the 
position of the expandable tubular member to float relative to the position of 
the hydraulic actuator. 

222. Th9 system of dsirn 220. further comprising: 

means for Increasing the size of the adjustable expansion mandrel after permitting 
the position of the expandable tubular member to float relative to the position 
of the hydraulic actuator. 

223. The system of daim 222, further comprising: 

means for displadng the adjustable expansion cone upwardly relative to the 

expandable tubuter member to radially expand and plastically deform another 
portion of the expandable tubular merrtber, 

224. The system of daim 223, further comprlsing: 

if the end of the other portion of the expandable tubular member overiaps with a 
preexisting structure, then 

means for not permitting the position of the expandable tubular member to 
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float relative to the posftion of the hydraulic actuator, and 
means for displacing the adjustable expansion cone upwardly relative to the 
expandable tubular member using the hydraulic actuator to radially 
expand and plastically defomi the end of the other portion of the 
expandable tubular member that overlaps witfi the preexisting 
structure. 



225. A system for ibrn^ng a mono diameter wellbore casing within a borehole that 
includes a preexisting wellbore caslr^, oomprising: 

means for supporting the expandable tubular member, an hydraulic actuator, and an 
adjustable expansion mandrel within the borehole; 

means for increasing the size of the adjustable expansion mandrel; 

means for displadng the adjustable expansion mandrel upwardly relative to the 
expandable tubular member using the hydraulic actuator to radially expand 
and plastically deform a portion of the expandable tubular memben and 

means for displacing the adjustable expansion mandrel upwardly relatk'e to the 
expandable tubular member to radially expand and plastically defomi the 
remaining portion of the expandable tubular member and a portion of tiie 
preexisting wellbore casing that overlaps witfi an end of the remaining portion 
of the expandable tubular member. 



226- The system of daim 225, further comprising: 

means for reducing ttie size of tiie adjustable expansion mandrel after tiie portion of 
the expandable tubular member has been radially e^qsanded and plastically 
deformed. 



227. The system of claim 226, further comprising; 

means for fluidicly sealing the radially expanded and plastically deformed end of tiie 
expandable tubular member after reducing \he size of the adjustable 
expansion mandrel. 
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228. The system of dalm 227, ftirther comprising: 

means for pemiitting the position of the expandable tubular member to float relative 
to the position of the hydraulic actuator after fluldidy sealing the radially 
expanded and plastically defbmied end of the expandable tubular member. 

229. The system of dalm 228, turther comprising: 

means for injecting a hanJenable fluidic sealing material into an annulus bet\ween the 
expandable tubular member and the borehole after permitting the position of 
the expandable tubular member to float relative to the position of the hydrauRc 
actuator. 

230. The system of dalm 228, further comprising: 

means for increasing the size of the adjustable expansfon mandrel after permitting 
the position of the expandable tubular member to float relative to the position 
of the hydraulic actuator. 

231. The system of claim 230, further comprising: 

means for displadng the adjustable expansion cone upwanJIy i^Blaitive to the 

expandable tubular member to radially expand artd plastically defomi the 
remaining portion of the expandable tubular member. 

232. The system of claim 231 , further comprising: 

means for not penmltUng the position of the expandable tubular member to float 
relative to the position of the hydraulic actuator; and 

means for displadng the adjustable expansion cone upwardly relative to the 

expandable tubular member using the hydraulic actuator to radially expand 
and plastically deform the end of the remaining porflon of the expandable 
tubular member that overiaps with the preexisting wellbore casing after not 
permitting the position of the expandable tubular member to float relative to 
the position of the hydraulic actuator. 

233. A system of radially e?q)anding and plastically defonning an expandable tubular 
member within a borehole having a preexisting wellbore casing, comprising: 
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means for positioning the tubular member within the borehole in overlapping relation 

to the wellbore casing; 
means for radially expanding and piasttcally deforming a portion of the tubular 

member to form a bell section; and 
means for radially expanding and plastically deforming a portion of the tubular 

member above the bell section comprising a portion of the tubular member 

that overlaps v#h the welibore casing; 
wherein the inside diameter of the bell section is greater than the inside diameter of 

the radially expanded and plastically deformed portion of the tubular member 

above the bell secQon. 

234. The system of daim 233, wherein radially expanding arid piasUcaliy defomiing a 
portion of the tubular member to form a bell section comprises: 

means for positioning an adjustable expansion device within the expandable tubular 
member, 

msans for supporting the expandable tubular member and the adjustable expansion 

device within the borehole; 
means for lowering the adjustable expansion device out of the expandable tubular 

member, 

means for Increasing the outside dimension of the adjustable expansion device; and 
means for dbpladng the adjustable e;<pansion device upwanjiy relative to the 

expandable tubular member n times to radially e^tpand and plastically deform 
n portions of the expandable tubular member, wherein n Is greater than or 
equal to 1. 

235. A system for radially expanding and plastically defomnlng an expandable tubular 
member vrithin a borehole, comprising: 

means for supporting the expandable tubular member, an hydraulic actuator, and an 

adjustable expansion device within the borehole; 
means for Increasing the size of the adjustabfe expansion device; and 
means for displacing the adjustable expansion device upwardly relative to the 

expandable tubular member using the hydraulic actuator to radially expand 
and plastically deform a portion of the expandable tubular member. 
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236. The system of claim 235, further comprising: 

means for reducing the si2:e of the adjustable expansion de\^ce after the portion of 
the expandable tubular member has been racflaliy expanded and ptasticaily 
deformed; 

237. The system of claim 236, further comprising: 

means for fluldicly sealing the radially expanded and plastically deformed end of the 
expandable tubular member after reducing the size of the adjustable 
expansion device. 

238. The system of claim 237, further comprising 

means for pemiitting the posHlbn of the expandable tubular member to float relative 
to the position of the hydraulic actuator after fluidldy sealing the radially 
expanded and plastically deformed end of the expandable tubular member. 

239. The system of claim 238, further comprising: 

means for Injecting a hardenable fluidic sealing material into an annulus between the 
expandable tubular member and a preexisting stmcture after permitting the 
position of the expandable tubular member to float relative to the position of 
the hydraulic actuator. 

240. The system of daim 238, further comprising: 

means for Increasing the size of the adjustable expansion device after permitting the 
position of the expandable tubular member to float relative to the position of 
the hydraulic actuator. 

241 . The system of daim 240, further comprising: 

means for displacing the adjustable expansion cone upwardly relative to the 

expandable tubular menr4>er to radially expand and plastically deform another 
portic»i of the expandable tubular member. 

242. The system of claim 241 , further comprising: 

if the end of the other portion of the expandable tubular member overtaps with 
a preexisting structure, then 
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means for not permitting the position of tlie expandable tubular 
member to float relative to the position of the hydraulic 
actuator; and 

means for displacing the adjustable expansion cone upwardly relative 
to the expandable tubular member using the hydraulic actuator 
to radially expand and plastically defonn the end of the other 
portion of the expandable tubular member that overlaps with 
the preexisting structure. 

243. A system for forming a mono diameter weift>ore casing within a borehole that 
includes a preexisting welltxire casing, comprising: 

means for supporting the expandable tubular member, an hydrauRc actuator, and an 
adjustable expansion device within the t>orehole; 

means for increasing the size of the adjustable expansion device; 

means for displadng the adjustable expansion device upwardly relative to the 

expandable tubular member using the hydraulic actuator to radially ej^pand 
and plastically deform a portion of the expandable tubular member; and 

means for dispfacing the adjustable expansion device upwardly relative to the 
expandable tubular member to radially e)qpand and plastically deforni the 
remaining portion of the expandable tubular member and a portion of the 
pree^dsting wellbore cstsing thai overlaps witf i an end of the retnaining portion 
of the expandable tubular member. 

244. The system of dalm 243, further comprising: 

means for reducing the size of the adjustable expansion device after the portion of 
the expandable tubular member has been radially expanded and plastically 
deformed. 

245. The system of daim 244, further comprising: 

means for fiuididy sealing the radblly expanded and plastically deformed end of the 
expandable tubular memtter after reducing the size of the adjustable 
expandon device. 
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246. The system of dalm 245, further comprising: 

means for permitting the posilion of the expandable tubular member to float relative 
to the position of the hydraulic actuator after fluldicly sealing the radially 
expanded and plastically defbrmed end of the expandable tubular member. 

247. The system of dalm 246, further comprising: 

means for injecting a hardenable fiuidic sealing material into an annulus between the 
s)q3andable tubular member and the borehole after permitting the position of 
the expandable tubular member to float relative to the position of the hydraulic 
actuator. 

248. The system of claim 246, further comprising: 

means for increasing the size of the adjustable expansion device after permitting the 
position of the expandable tubular member to float relative to Vhe position of 
tiie hydraulic actuator. 

249. The system of d^m 248. further comprising: 

means for displacing the adjustable expansion cone upwardly relative to the 

expandable tubular member to radially expand and plastically deform the 
remaining portion of ttie expandable tubular member. 

250. The system of claim 249. further comprising: 

means for not permitting tiie position of \he expandable tubular member to float 
relative to the position of the hydraulic actuator; and 

means for displacing the adjustable expansion cone upwardly relative to the 

expandable tubular member using the hydraulic actuator to radially expand 
and plastically deform the end of the remaining portion of the expandable 
tubular member that overiaps witii the preexisting wellbore casing after not 
permitting the position of the expandable tubular member to float relative to 
ttie position of ttie hydraulic actuator. 

251 . A system for radially expanding and ptastically defomning a tubular member, 
comprising: 

means for positioning the tubular member within a preexisting structure; 
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means for radially expanding and plastically deforming a lower portion of the tubular 

member to form a bell secfion; and 
means for ladially expanding and plastically deforming a portion of the tubular 

member above the bell secfion. 

252. The system of claim 2S1, wherein posWonfng the tubular member within a preexisting 
structure comprises: 

means for locking the tubular member to an expansion device. 

253. The system of dalm 252, wherein positioning the tubular member within a preexisting 
stmcture comprises: 

means for unlocldng the tubular member from an expansion device If the operating 
pressure within the preexisting structure exceeds a predetermined amount 

254. The system of claim 252, wherein positioning the tubular member within a preexisting 
structure comprises: 

means for unlocking the tubular member from an expansion device if the position of 
an actuator coupled to the tubular member exceeds a predetemiined amount 

255. The system of claim 251, wherein radially expanding and plastically deforming a 
lower portion of tlie tubular member fo fonn a bsll section comprises: 

means for lowering an expansion device out of an end of the tubular member, and 
means for pulling the expansion device through the end of the tubular member. 

256. The system of claim 255, wherein lowering an expansion device out of an end of the 
tubular member comprises: 

means for lowering the expansion device out of the end of the tubular member; and 
means for adjusting the size of the expansion device. 

257. The system of dalm 256, wherein the expansion device Is adjustable to a plurality of 
sizes. 

258. The system of claim 256, wherein the expansion device comprises a plurality of 
adjustable expansion devices. 
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259. The system of claim 258, wherein at least one of the adjustable expanston devices is 
adjustable to a plurality of sizes. 

260. The system of daim 256, wherein nrteans tor pulling tfie expansion device through 
the end of the tubular member comprises: 

means for gripping the tubular member, and 

means for pulling an expansion device through an end of the tubular member, 

261 . The system of claim 260, wherein means for gripping the tubular member comprises: 
means for pennitting axial displacement of the tubular member in a first directfon; and 
means for not permttting axial displacement of the tubular member in a seobnd 

direction. 

262. The system of daim 260, wherein means for pulling the expansion device through 
the end of the tubular member comprises: 

means for pulling the expansion device through the end of Vrie tubular member using 
an actuator. 

263. The system of daim 246, wherein means for radially expanding and plastically 
defon-ning si portion cf the tubular member above the bell section comprises: 

means for lowering an e;q3ansion device out of an end of the tubular member, and 
means for pulling the expansion device through the end of the tubular member. 

264. The system of claim 263, wherein means for lowering an expansion device out of an 
end of the tubular member comprises: 

means for lowering the expansion device out of the end of the tubular member; and 
means for adjusting the size of the expansion device. 

265. The system of daim 264, wherein the expansion device is adjustable to a plurality of 
sizes. 

266. The system of daim 264, wherein the expansion device comprises a plurality of 
adjustable expansion devices. 
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267. The system of ciaim 266, wherein at least one of the adjustable expansion devices is 
adjustable to a pluiality of sfzes. 

268. The system of daim 263, wherein means for pulling the expansion device through 
the end of the tubular member comprises: 

means for gripping the tubular member; and 

means for pulling an expansion device through an end of the tubular member. 

269. The system of daim 268, wherein means for gripping the tubular memt)er comprises: 
means for pennitting a^da! displacement of the tubular member in a first direction; and 
means fornot permitting axial displacement of the tubiilar membter In a second 

direcb'on. 

270. The system of claim 268, wherein means for pulling the expansion device through 
the end of the tubular member comprises: 

means for pulling the expansion device through the end of the tubular member using 
an actuator. 

271 . The system of daim 263, wherein means for pulling the expansion device thnDugh 
ttie and of the tubular member comprises: 

means for pulling the expansion device through the end of the tubular member using 
fluid pressure. 

272. The system of daim 271 , wherein means for pulling the expansion device through 
the end of the tubular member using fluid pressure comprises: 

means for pressurizing an annuius within the tubular member above the expansion 
device. 

273. The system of daim 251 , wherein means for radially expanding and plastically 
defomiing a portion of the tubular member above the bell section comprises: 

means for fluidldy sealing an end of the tubular member; and 
means for pulling the expanston device through the tubular member. 
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274. The system of claim 273, wherein the e)qiansion device ts adjustable. 

275. The system of claim 274. wherein the expansion device is adjustable to a pluraBty of 
sizes. 

276. The system of claim 273, wherein the expansion device comprises a plurality of 
adjustable expansion devices. 

277. The system of claim 276, wherein at least one of the adjustable expansion devices Is 
adjustable to a plurality of sizes. 

278. The system of daim 273. wherein means for pulling the expan 
the end of the tubular member comprises: 

means for gripping the tubular member, and 

means for pulling an expansion device through an end of the tubular member. 

279. The. system of daim 278, wherein means for pulling the expansion device through 
the end of the tubular member comprises: 

mieans for pulling the expansion device through the end of the tubular memt>er using 
an actuator. 

280. Tha system of daim 273, wherein means for pulling the expansion de^fice through 
the end of the tubular member comprises: 

means for putiing the expansion device through the end of the tubular member using 
fluid pressure. 

281 . The system of daim 280, wherein means for puHing the expansion device through 
\SnB end of the tubular member using fluid pressure comprises: 

means for pressurizing an annuli^ within the tubular member above the e)q)ansion 
device. 

282. The system of claim 251 , wherein means for radially expanding and plastically 
deforming a portion of the tubular member above the bell section comprises: 
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means for overlapping the portion of the tubular member above the bell section with 

an end of a preexisting tubular memben and 
means for pulling an expansion device through the overlapping portions of the tubular 

member and the preexisting tubular member. 

283. The system of c^m 282, wherein the expansion device is adjustable. 

284. The system of dalm 283» wherein the expansion device is adjustable to a plurality of 
sizes. 

285. The system of daim 282, wherein the expansion device comprises a plurality of 
adjustable expanskin devices, 

286. The system of daim 285, wherein at least one of the adjustable expansion devices is 
adjustable to a plurality of sizes. 

287. The system of dalm 282, wherein means for pulling the expansion device through 
the overlapping portions of the tubular member and the preexisting tubular member 
comprises: 

means for gripi^ng the tubular member; and 

means for pulling the expansion device? through tlie overiapping portions of the 
tubu/ar member and the preexisting tubular member. 

288. the system of daim 287, wherein means for pulling the expansion device through 
the overiapping portions of the tubular member and the preexisting tubular member 

comprises: 

means for pulling the expansion device through the overiapping portions of the 
tubular member and Vtie preexisting tubular member using an actuator. 

289. The system of daim 262, wherein weans for pulling the expansion device through 
the overlapping portions of the tubular member and the preexisting tubular memt)er 
comprises: 

means for pulling the expansion device through the overlapping portions of the 
tubular member and the preexisting tubular member using fluid pressure. 
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290, The system of claim 289. wherein means for pulling the expansion device thmugh 
the overlapping portions of the tubular member and the preexisting tubular member using 
fluid preisisure comprises: 

means for pressurizing an annulus within the tubiiar member above the expansion 
device. 

291 . The system of claim 251 , further comprising: 

means for injecting a hardenable fkjidic sealing material into an annulus between the 
expandable tubular member and the preexisting structure, 

292. A system of injecting a hardenable fluidic sealing material Into an annulus between a 
tubular member and a preexisting stnjcture. comprising: 

means fbr posKioning the tubular member into the preexisting structure; 
means for sealing of7 an end of the tubular member; 
means for operating a valve within the end of the tubular member, and 
means for injecting a hardenable fluidic sealing material through the valve into the 
annulus between the tubular member and the preexisting structure. 

293, A system of engaging a tubular member, comprising: 

means for positioning a plurality of elements within the tubular memben and 
means for bringing the elements Into engagement with the tubular member, 

294. The system of dalm 293, wherein the elements comprise: 
a first group of elements; and 

a second group of elements; 

wherein the first group of elements are Interleaved with the second gtXHip of 
elements. 

295, The system of dalm 293, wherein means for bringing the elements Into engagement 
with the tubular member comprises: 

means for bringing the elements into awal alignment 
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296. The system of claim 293, wherein means for bringing the elements into engagement 
wtth the tubular member further comprises; 

means for pivoting the elements. 

297. The system of daim 1 89, wherein means for bringing the elements info engagement 
with the tubular member further comprises: 

means for translating the elements. 

298. The system of claim 293, wherein means for bringing the elements into engagement 
with the tubular member further comprises: 

means for pivoting the elements; and 
means for translating the elements. 

299. The system of claim 293, wherein means for bringing the elements into engagement 
with the tubular member comprises: 

means for rotating the elements about a common a>js. 

300. The system of claim 293, wherein means for bringing the elements Into engagement 
with the tubular member comprises: 

means for pivoting the elements about oonresponding axes; 

means for translating (he element?.; and 

means for n)ta&*ng the elements about a common axis. 

301. The system of cfaim 293, further comprising: 

means for preventing the elements from coming into engagement with the tubular 
member if the inside diameter of the tubular member is less than a 
predetermined value. 

302. The system of daim 301 , wl^rein means for preventing the elements from coming 
into engagement with the tubular member if the inside diameter of the tubular member is 
less than a predetermined value comprises: 

means for sensing the inside diameter of the tubular meml:>er. 

303. A system of locking a tubular member to a support member, comprising: 
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locking a locking element in a position that engages an Interior surface of the tubular 
member, 

304. The system of daim 303. further comprising: 

means for controllably unloddng the lacking element from engagement with the tubular 
member when an operating pressiffe exceeds a pred etamiined amount 

305. The system of dalm 303. ftjrther comprising: 

means for controllably unlocking the locking element from engagement with the tubular 
member when a position exceeds a predetermined amount 
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